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THE  PHYSICS  OF  ELEMENTARY 
PARTICLES 

Frank  L.  Hereford 
Rouss  Physical  Laboratory 
•  University  of  Virginia 

Physical  science  from  its  earliest  years  has  busied  itself  in  an 
attempt  to  understand  the  structure  of  matter.  Although  the  discovery 
and  development  of  more  specialized  branches  of  physics  have  frequently 
held  a  brief  spotlight,  the  structure  of  matter  and  the  properties  of  its 
subunits  have  consistently  been  of  foremost  interest.  The  past  decade  has 
been  no  exception.  Spurred  on  by  the  perplexing  but  fascinating  prob¬ 
lems  in  the  world  of  elementary  particles  and  by  the  advent  of  nuclear 
power,  the  physicist  has  brought  the  problem  to  its  greatest  peak  of 
public  and  scientific  interests.  In  a  recent  survey1  of  the  present  occupa¬ 
tions  of  those  physicists  receiving  their  doctorates  between  1936  and 
1948,  approximately  half  of  those  reporting  a  field  of  concentration 
listed  nuclear,  atomic,  or  molecular  physics.  It  is  this  phase  of  contem¬ 
porary  physics  which  will  concern  us  here  with  particular  emphasis  being 
placed  upon  elementary  particle  physics. 

The  outstanding  advances  recently  made  in  other  and  borderline 
fields  are  by  no  means  less  interesting  or  less  important.  Biophysics, 
solid  state  physics,  microwave  spectroscopy,  fluid  dynamics — all  of  these 
fields  boast  significant  achievements  in  the  contemporary  picture.  Their 
development  and  the  difficulties  which  they  now  face,  however,  are  not 
markedly  different  from  those  in  the  physics  of  elementary  particles. 
In  his  attempt  to  break  matter  down  into  its  ultimate  subunits,  the  physi¬ 
cist  has  discovered  or  created  a  need  for  no  less  than  12  such  units  in 
the  form  of  charged  or  uncharged  particles  of  finite  or  zero  mass.  (These 
so-called  elecentarv  particles  are  listed  in  Table  I.)  The  development 
which  has  brought  about  this  current  state  of  affairs  is  an  interesting 
and  instructive  chapter  in  the  history  of  physics. 

Early  Discoveries — The  first  milestones  were  the  discovery  of  radio¬ 
activity  and  the  identification  of  the  electron  as  a  particle  carrying  a 
negative  electric  charge.  The  phenomenon  of  radioactivity  was  discovered 

Editor’s  Note:  In  continuing-  the  policy  established  by  the  Editorial  Board 
to  present  in  the  first  three  numbers  of  each  Volume  of  the  Journal  an  article 
of  general  interest  and  progrss  in  the  several  fields  of  science,  we  have  invited 
Professor  Frank  L.  Hereford  of  the  Bouss  Physical  Laboratory,  University  of 
Virginia,  to  contribute  this  article  from  the  field  of  Physics. 

1.  Bernard  C.  Murdach  &  Marsh  W.  White,  Physics  Today,  vol.  3,  no.  9 
(1950)  pg.  20. 
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in  1896  by  Becquerel;  the  electron  was  identified  through  the  work  of 
several  men,  J.  J.  Thomson  in  particular,  at  about  the  same  time.  We 
now  know  that  the  electron  constitutes  one  of  the  products  of  radioactive 
emission,  the  beta-particle.  The  other  entities  sometimes  emitted  are 
alpha-particles  (Helium  nuclei)  and  gamma-rays  (high  energy  photons). 
The  photons  can  be  thought  of  as  the  carriers  of  the  energy  associated 
with  light  waves,  each  carrying  a  very  small  quantum  of  energy.  Con¬ 
sidered  as  particles,  they  have  zero  mass  and,  of  course,  always  travel 
at  the  velocity  of  light,  usually  denoted  by  c. 

The  next  important  contribution  came  in  1913  with  Rutherford’s 
formulation  of  the  “nuclear  model”  of  the  atom,  in  which  a  heavy  nucleus 
contains  most  of  the  mass  and  all  of  the  positive  charge.  This  central 
particle  is  surrounded  by  a  sufficient  number  of  negatively  charged  elec¬ 
trons  to  exactly  compensate  for  the  nuclear  charge,  Z.  Thus  Z  is  an  inte¬ 
gral  multiple  of  the  electronic  charge.  A  second  important  nuclear 
parameter  is  the  nuclear  mass  usually  given  as  the  total  atomic  weight, 
A.  Beyond  the  recognition  that  A  was  usually  equal  approximately  to  an 


TABLE  I 

Elementary  Particles 


Name 

Mass 

Charge 

Remarks 

Photon  or 
gamma-ray 

0 

O 

Quantum  of 
radiation  energy 

Electron 

me  =  9  x  10~28gm. 

— e 

Also  called  beta-particle 

Positron 

me 

+e 

Also  called  beta-particle 

Proton 

1840  me 

+e 

Hydrogen  nucleus 

Neutron 

1842  me 

O 

Neutrino 

O 

O 

Not  yet  observed 

/x — meson 

200  me 

±e 

Decays  in  2  x  10-8  sec. 

t r — meson 

300  me 

±e 

Decays  in  10~8  sec. 

Neutral  meson 

? 

O 

Existence  tentative 

r — meson 

1000  me 

? 

Existence  doubtful 

A — meson 

10  me 

? 

Existence  doubtful 

Negative  proton  1840  me 

— e 

Hypothetical 

integral  multiple  of  the  atomic  weight  of  the  hydrogen  atom,  little  was 
known  of  the  properties  of  the  nucleus  at  this  time. 
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During  the  following  several  years  it  became  increasingly  apparent 
that  the  laws  and  methods  of  classical  Newtonian  mechanics  were  totally 
incapable  of  coping  with  atomic  phenomena,  let  alone  specifically  nuclear 
phenomena.  We  employ  “atomic”  to  denote  the  physics  of  that  portion  of 
the  atom  exterior  to  the  central  nucleus,  i.  e.,  having  to  do  with  the  orbi¬ 
tal  electrons  and  their  motions  and  interactions. 

Quantum,  Mechanics — It  was  at  this  stage  in  1925  that  the  bril¬ 
liant  work  of  Bohr,  Heisenberg,  Schroedinger,  and  de  Broglie  culminated 
in  the  advent  of  quantum  mechanics.  This  development  was  born  of  the 
realization  that  the  very  language  of  classical  mechanics  was  largely 
meaningless  in  the  domain  of  atomic  phenomena.  Classical  physics  at¬ 
tempted  to  specify  the  “state”  of  a  physical  system  through  the  instan¬ 
taneous  values  of  the  positions  and  momenta  of  all  particles  in  the  sys¬ 
tem.  This  procedure  we  now  know  to  be  quite  meaningless,  because  any 
attempt  to  devise  even  an  idealized  experiment  measuring  simultaneously 
the  precise  values  of  position  and  momentum  of  a  particle  fails.  Quantum 
mechanics  tells  us  more  specifically  that  the  uncertainties  in  experimental 
values  of  position  and  momentum  are  related  by  the  Heisenberg  Uncer¬ 
tainty  Relation, 

Ap  .  Ax  =  h/4? t  (1) 

where  we  have  written  p  for  momentum,  x  for  position  and  h  for  Planck’s 
constant.  This  remarkable  constant  had  been  introduced  previously  in 
physics  in  Planck’s  investigation  of  radiation  phenomena.  Its  numerical 
value  of  6.6  x  1CT27  erg-sec.  is  sufficiently  small  to  render  the  limitations 
imposed  by  Eq.  (1)  negligible  in  macroscopic  phenomena;  however,  in 
the  physics  of  elementary  particles  it  is  a  serious  limitation. 

In  any  case  it  appeared  that  a  “physical  state”  as  defined  through 
the  classical  concept  of  the  simultaneous  values  of  the  position  and  mo¬ 
mentum  of  a  particle  had  no  basis  in  reality  at  all !  The  physicist  had 
been  obtaining  theoretical  results  expressed  in  a  language  through  which 
they  could  never  bo  experimentally  verified.  In  alleviating  this  difficulty 
quantum  mechanics  shifted  physics  to  foundations  involving  strictly 
observable  quantities.  The  classical  equations  relating  supposedly  precise 
values  of  physical  variables  were  replaced  by  a“wave  equation”  as  fol¬ 
lows:  Instead  of  ^associating  a  set  of  values  with  a  physical  variable,  a 
mathematical  operator  was  so  associated,  for  example,  an  operator  (which 
we  shall  call  H)  with  the  energy  of  the  system.  The  physical  state  of 
the  system  was  represented  by  a  complex  valued  function,  'k.  Then  the 
wave  equation  was  written  as, 

I  I  \J/  =  En 

and  interpreted  in  the  following  way.  The  values  En  which  allowed 
solutions  of  the  equation,  \!>,  with  certain  “golden”  properties  were, 
according  to  quantum  mechanical  laws,  the  “possible  values”  of  the 
energy  of  the  system.  The  laws  provided  further  a  method  of  computing 
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from  S&  the  probability  of  observing  any  given  value  of  the  energy.  Thus 
in  a  series  of  observations  the  number  of  times  in  which  a  certain  value 
of  a  variable  was  observed  could  be  directly  compared  to  the  probability 
of  observing  that  value  according  to  quantum  mechanics. 

It  must  be  emphasized  that  this  seemingly  arbitrary  procedure  had 
actually  been  suggested  by  a  sound  line  of  reason  based  upon  a  careful 
analysis  of  the  processes  of  measurement.  The  important  point  is  that 
instead  of  predicting  the  outcome  of  an  experiment  in  terms  of  (unob¬ 
servable)  precise  values  of  variables.,  quantum  mechanics  furnished  a  set 
of  possible  values  and  a  means  of  computing  the  probability  of  observing 
any  one.  The  importance  of  this  development  and  the  success  which  it 
immediately  achieved  cannot  be  overemphasized.  It  represented  the  first 
successful  attempt  to  untangle  and  analyze  atomic  phenomena  on  a  quan¬ 
titative  basis. 

Along  with  the  development  of  quantum  mechanics  came  an  increased 
appreciation  of  the  significance  of  Einstein’s  Theory  of  Relativity  in  the 
atomic  domain.  In  the  hands  of  Dirac  and  Pauli  the  union  of  these  two 
theories  brought  about  even  more  brilliant  success,  leading  to  the  precise 
calculations  of  various  atomic  constants,  and  even  forecasting  the  discov¬ 
ery  of  a  new  elementary  particle,  the  positive  electron. 

The  experimental  discovery  of  this  particle,  which  we  now  call  the 
positron,  came  within  a  few  years.  It  was  identified  by  Anderson  and  his 
co-workers  in  examining  the  cloud  chamber  tracks  of  cosmic  rays.  This 
remarkable  ultra-high  energy  radiation  which  falls  upon  the  earth  from 
outer  space  was  to  prove  a  storehouse  of  new  elementary  particles  in  the 
future. 

The  Nucleus — During  this  period  there  had  been  relatively  little 
interest  in  purely  nuclear  phenomena.  Although  the  disintegration  of  the 
nitrogen  nucleus  had  been  accomplished  by  Rutherford  in  1919  by  alpha- 
particle  bombardment,  significant  progress  seemed  to  stall  until  the  dis¬ 
covery  by  Chadwick  in  1932  of  the  neutron,  a  particle  of  approximately 
the  same  mass  as  the  hydrogen  nucleus  (or  proton)  but  carrying  no 
electric  charge.  In  the  same  year  Cockroft  and  Walton  produced  nuclear 
disintegrations  with  artificially  accelerated  charged  particles  (Ruther¬ 
ford’s  projectiles  had  been  radioaetively  emitted  alpha-particles).  The 
development  of  the  cyclotron  and  Van  de  Graaff  Generator  followed  and 
produced  much  higher  energy  beams  of  charged  particles  to  be  used  in 
probing  the  nucleus.  Accurate  measurements  of  atomic  weights  led  to 
information  concerning  nuclear  structure  and  to  the  realization  that  pro¬ 
tons  and  neutrons  were  the  nuclear  constituents. 

The  amazing  properties  of  the  nucleus  gradually  became  apparent. 
In  this  region  of  space,  hardly  larger  than  that  occupied  by  the  electron, 
protons  and  neutrons  of  mass  some  1850  times  that  of  the  electron  are 
tightly  packed  in  condensed  phase.  The  tremendous  forces  effective  there 
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derive  from  a  conversion  of  a  portion  of  the  protons’  and  neutrons’  masses 
into  binding  energy.  The  famous  relation  of  Einstein’s 

E  =  Me2  (2) 

stating  the  equivalence  of  mass  and  energy  is  indispensable  in  a  quanti¬ 
tative  analysis  of  nuclear  phenomena.  The  exact  nature  of  these  nuclear 
forces  remains  today  among  the  foremost  unsolved  problem  in  physics. 

During  the  early  1930’s  a  number  of  clues  were  uncovered  bearing 
upon  the  problem.  The  nuclear  forces  were  apparently  short  range  forces, 
the  nuclear  particles  only  showing  attraction  within  about  2  x  10“13 
cms.  of  one  another.  The  total  binding  energy  of  a  nucleus  was  obtained 
through  Eq(2)  as  the  energy  equivalent  to  the  difference  between  the 
observed  atomic  weight  and  the  sum  of  the  masses  of  its  protons  and  neu¬ 
trons  in  separate  unbound  states.  This  binding  energy  was  found  to  be 
proportional  to  the  number  (N)  of  protons  and  neutrons  in  the  nucleus, 
which  fact  suggested  that  the  forces  had  a  saturation  property.  For  if 
a  nuclear  particle  were  attracted  strongly  to  every  other  particle  in  the 
nucleus  the  number  of  interacting  pairs  and  hence  the  total  binding  en¬ 
ergy  should  be  proportional  to  N2.  Apparently  the  interaction  of  a  single 
particle  became  saturated  after  interaction  with  a  limited  number  of  its 
neighbors.  No  known  type  of  force  had  these  properties. 

At  about  this  same  time  the  nuclear  physicist  was  faced  with  another 
serious  difficulty.  Nuclear  data  had  indicated  that  only  protons  and  neu¬ 
trons  existed  in  the  nucleus  and  that  electrons  could  not  by  any  means 
be  among  the  constituents.  One  reason  for  this  followed  from  the  uncer¬ 
tainty  relation.  If  an  electron  were  confined  within  a  nucleus  to  a 
Ax  =  2x  1CT13  cm.,  then  the  uncertainty  in  the  momentum  according  to 
Eq.  (1)  would  prevent  its  being  held  within  the  nucleus  by  forces  of  the 
magnitude  which  had  been  indicated  by  experimental  data.  Such  was  not 
the  case  for  protons  or  neutrons.  As  a  result  of  their  greater  mass,  their 
uncertainty  in  momentum,  AMv,  corresponded  to  an  energy  much  less 
than  that  for  the  electron,  and  in  fact  less  than  the  nuclear  binding  ener¬ 
gy.  Thus  these  heavier  particles  could  be  bound  in  such  a  small  region  of 
space  while  electrons  could  not.  The  difficulty  was  that  although  denied 
an  existence  in  the  nucleus,  electrons  had  been  observed  to  emerge  in 
the  form  of  radioaetively  emitted  beta-particles.  This  process  is  generally 
referred  to  as  beta-emission. 

A  further  difficulty  arose  in  connection  with  the  balance  of  energy 
in  this  process.  Whereas  the  beta-particles  were  emitted  with,  energies 
distributed  over  a  wide  range,  the  loss  of  total  energy  of  the  nucleus  in 
the  process  was  constant  from  one  emission  to  another.  The  Conservation 
of  Energy,  a  prize  principle  of  the  physicist,  seemed  threatened.  To  re¬ 
move  both  beta  emission  difficulties  in  a  single  blow,  Fermi  proposed  a 
solution  which  also  provided  a  theory  of  nuclear  forces. 

Fermi's  Field  Theory — Fermi  proposed  that  in  the  process  of  inter¬ 
acting  with  one  another  the  nuclear  particles  exchanged  or  shared  elec- 


6 


The  Virginia  Journal  of  Science 


[January 


tron-neutrino  pairs  with  one  another.  Thus  a  new  type  of  particle,  the 
neutrino,  was  introduced.  Its  role  in  Fermi's  theory  will  be  evident  in 
the  following  discussion.  The  electrons  and  neutrinos  were  to  exist  in 
the  nucleus  not  as  distinct  particles  but  in  a  sort  of  virtual  state  in  much 
the  same  way  as  photons  exist  in  an  electro-magnetic  field.  In  fact  the 
presence  of  the  electron-neutrino  pairs  in  this  sense  was  referred  to  as  an 
“electron-neutrino  field”.  This  idea  can  best  be  understood  through  anal¬ 
ogy  with  the  electromagnetic  field.  Two  charged  particles  act  upon  one 
another  through  their  mutual  interaction  with  their  electric  field.  Two 
nuclear  particles  were  to  act  upon  one  another  through  their  mutual 
interaction  with  their  electron-neutrino  field. 

Suppose  that  in  the  exchange  process  one  of  these  electron-neutrino 
pairs  were  to  manifest  itself  as  a  distinct  pair  of  particles  and  escape 
from  the  nucleus.  Would  not  this  event  appear  as  beta-emission?  The 
emission  of  the  neutrino  could  serve  to  carry  away  the  missing  energy 
referred  to  above.  Its  presence  according  to  Fermi  had  been  missed  by 
the  experimental  physicist  because  of  the  neutrino’s  complete  lack  of 
observable  properties  such  as  charge,  mass,  or  magnetic  moment.  In 
fact,  this  amazingly  elusive  particle  has  escaped  direct  detection  up  to 
the  present  time.  Thus  the  beta-emission  difficulties  were  removed,  though 
in  a  somewhat  artificial  fashion. 

As  regards  the  results  of  this  theory  in  explaining  nuclear  forces 
through  the  exchange  process,  many  of  the  properties  of  nuclear  forces 
were  properly  predicted.  However,  the  theory  was  incapable  of  recon¬ 
ciling  the  observed  values  of  a  number  of  variables.  When  the  observed 
particle  masses,  probabilities  of  beta-emission,  and  other  appropriate 
constants  were  fed  into  the  mathematical  scheme,  the  computed  strength 
of  the  nuclear  forces  due  to  the  coupling  of  the  electron-neutrino  field 
was  too  small  by  a  factor  of  about  1012. 

Yukawa’s  Meson — It  was  at  this  stage  of  development  in  1935  chat 
a  Japanese  physicist,  Yukawa,  carried  the  field  theory  of  nuclear  forces 
a  step  farther.  In  particular,  he  modified  the  coupling  field  and  forced 
it  to  yield  agreement  among  the  experimental  facts.  In  so  doing  he 
found  that  a  new  type  of  elementary  particle  was  required  to  play 
the  role  of  the  exchanged  particle  in  the  interaction  between  two  nuclear 
particles.  According  to  Yukawa  this  particle  which  we  now  call  the  meson, 
should  have  a  mass  about  200  times  that  of  the  electron  and  should  be 
radioactive,  disintegrating  into  an  electron  and  a  neutrino.  The  mathe¬ 
matical  formalism  of  this  theory  succeeded  in  predicting  the  short  range 
and  saturation  properties  of  the  nuclear  forces.  In  addition  through  the 
disintegration  of  the  new  particle  into  an  electron  and  neutrino,  the 
process  of  beta  emission  was  accounted  for.  It  was  possible  to  compute 
the  probability  of  beta  emission  through  computation  of  the  probability 
of  a  meson  disintegrating  in  the  course  of  its  exchange  between  nuclear 
particles. 
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For  the  physicist  reader,  a  few  details  of  this  scheme  will  be  of 
interest.  In  direct  analogy  with  electromagnetic  theory  one  might  suppose 
the  potential  of  the  “nuclear  force  held”  to  satisfy  the  wave  equation 
in  empty  space: 

a  a  d>  V  '-i-sv/sr  =  o  (3) 

In  association  with  a  single  nuclear  particle  at  r  —  0  a  spherically  sym¬ 
metric  solution  to  this  equation  (instead  of  omitting  the  time  dependent 
factor)  is, 

</>  —  constant/  r 

Realizing  that  this  potential  lacked  the  necessary  short  range  property, 
Yukawa  modified  Eq.  (3)  as  follows: 

A  %  ~  -frSVStf  +  k2  =  O 

A  spherically  symmetric  solution  to  this  equation  is : 

e_kr 

<b  constant -  (4) 

r 

The  additional  constant,  k,  was  then  chosen  in  accordance  with  the 
experimental  data  which  demanded  a  range  of  force  potential  of  approxi¬ 
mately  2  x  10-13  cm;  thus, 

Range  =  ~ —  ==  2  X  10~13  m.  (5) 

k 

Now  according  to  quantum  mechanics  the  range  of  the  force  to  be  associ¬ 
ated  with  a  moving  meson  is  connected  with  the  mass  of  the  meson 
through  the  relation, 

l/k  =  h/27rmc 

From  (5)  and  the  known  values  of  h  and  c  one  finds: 

m  =  200  electron  masses. 

The  mathematical  formalism  of  the  theory  also  accounted  for  the  process 
of  beta  emission  in  a  fairly  quantitative  fashion. 

A  number  of  essentially  mathematical  difficulties,  however,  were 
apparent  and  are  today  among  the  theoretical  physicist’s  most  persistent 
headaches.  In  particular  the  energy  of  interaction  of  a  pair  of  particles 
diverges  to  infinity  with  decreasing  distance  between  the  particles. 
The  empirical  existence  of  nuclei  with  finite  radii  prohibits  this  on 
scientific  grounds;  it  would  be  prohibited  nevertheless  by  common  sense. 
The  theory  was  a  signal  success,  however,  in  a  field  where  little  other 
than  confusion  had  existed  previously. 

Two  years  after  Yukawa’s  work  was  published,  cosmic  rays  again 
proved  their  fruitfulness  when  Anderson  at  the  California  Institute  of 
Technology  and  Street  and  Stevenson  at  Harvard  concurrently  discovered 
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the  meson.  Once  again  the  clues  were  found  in  cloud  chamber  photo¬ 
graphs  of  cosmic  rays.  We  know  now  that  some  80%  of  the  cosmic  rays 
reaching  sea  level  are  positive  or  negative  mesons.  This  discovery  was 
indeed  an  exciting  one.  However,  difficulties  began  to  multiply  along 
with  data  bearing  upon  the  properties  of  this  new  particle.  It  had  the 
proper  mass,  and  it  did  undergo  beta-emission.  It  also  exhibited,  how¬ 
ever,  a  distinct  aversion  to  interacting  strongly  with  protons,  neutrons, 
or  nuclei  in  general.  Most  mesons  observed  to  come  to  rest  in  cloud 
chamber  photographs  underwent  beta-emission  within  about  2  x  1CT0  sec., 
whereas  if  they  were  the  particles  responsible  for  nuclear  forces  they 
should  have  been  captured  into  nuclei  in  a  much  shorter  time.2  A  weak 
meson-nuclear  particle  coupling  seemed  apparent. 

On  the  other  hand  the  mesons  having  a  rather  short  lifetime  could 
not  have  traversed  great  distances  in  reaching  the  earth  from  outer 
space,  and  must  consequently  have  been  produced  through  collisions  of 
the  incident  primary  cosmic  rays  with  the  atmospheric  nuclei.  By  virtue 
of  the  mathematical  theory  of  such  collisions  this  process  necessitated  a 
strong  meson-nuclear  particle  coupling.  The  dilemma  is  evident. 

The  Heavy  Meson  And  Others — The  dilemma  remained  until  1947 
when  a  group  headed  by  Powell  of  the  University  of  Bristol  announced 
discovery  of  another  type  of  meson  slightly  heavier  than  the  first  type. 
This  new  particle  was  labelled  the  7r-meson  or  the  o-meson  depending 
upon  whether  it  disintegrated  into  an  old  type  meson  (now  called  the 
/^-meson)  or  was  absorbed  by  a  nucleus  after  coming  to  rest  in  matter. 
Both  types  (77-  and  u)  are  frequently  referred  to  as  77-mesons.  Since  this 
new  type  meson  did  interact  with  nuclei  it  showed  good  prospects  of 
filling  the  Yukawa  prescription. 

Again  cosmic  rays  had  proved  the  donor  in  providing  this  much 
needed  particle.  The  mesons  were  observed  among  cosmic  ray  tracks  left 
in  photographic  emulsions  which  had  been  stored  for  several  months  at 
mountain  level  altitudes. 

Up  to  this  point  only  nature  through  her  still  unknown  methods  of 
producing  tremendous  cosmic  ray  energies  had  made  mesons.  Within 
another  year,  however,  the  giant  accelerator  programs  which  had  been 
initiated  throughout  the  country  began  to  pay  off.  Mesons  were  produced 
artificially  using  380  Mev  alpha  particles  from  the  University  of  Cali¬ 
fornia  frequency  modulated  cyclotron.  The  first  mesons  so  produced  were 
identified  as  heavy  mesons  through  the  same  techniques  which  had  been 
employed  in  their  discovery  by  the  Bristol  group.  It  thus  appeared  that 
these  new  particles  might  solve  many  difficulties.  They  could  be  produced 
high  in  the  atmosphere  by  the  primary  cosmic  rays  and  could  subsequently 
give  rise  to  the  ju-meson  component  through  disintegration.  However, 
such  interpretations  must  be  regarded  as  extremely  tentative  at  the 

2.  Actually  negative  mesons  were  captured  by  the  nuclei  of  heavy  elements, 
but  Yukawa’s  theory  required  capture  in  light  elements  also. 
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present  time.  In  any  case  the  artificial  production  of  7r-mesons  opened 
new  realms  of  nuclear  research,  and  previous  lists  of  nuclear  reactions 
induced  by  proton,  neutron,  and  alpha  particle  bombardment  are  now 
being  supplemented  by  meson  induced  reactions. 

The  current  picture  has  been  confused  somewhat  by  evidence  for 
the  existence  of  a  number  of  other  type  particles.  Within  the  past  several 
months  results  at  the  University  of  California  at  Berkeley  have  suggested 
the  presence  of  a  neutral  meson  of  as  yet  undetermined  mass.  It  appears 
that  even  in  this  instance  cosmic  rays  had  yielded  the  first  clue.  One 
finds  in  a  1947  issue  of  Nature  a  single  cloud  chamber  event  obtained  by 
Rochester  and  Butler  which  they  interpret  as  evidence  for  a  new  type 
neutral  particle.  Whether  or  not  this  particle  can  be  identified  with  the 
neutral  meson  of  the  Berkeley  experiments  is  speculative  at  this  time. 

Numerous  other  cosmic  ray  investigators  have  reported  various 
types  of  mesons  of  masses  ranging  from  a  few  electron  masses  to  about 
a  thousand.  A  group  of  Russian  workers  have  seen  fit  to  announce  the 
discovery  of  no  less  than  ten  such  particles  which  they  call  varytons. 
Generally,  however,  the  g-meson  and  the  heavier  7r-meson  are  the  only 
kinds  definitely  established,  although  the  existence  of  a  neutral  meson 
can  scarcely  be  doubted. 

In  any  event  the  discovery  of  so  many  “elementary”  particles  has 
brought  about  serious  doubts  as  to  just  how  “elementary”  they  really 
are.  The  neutron  is  known  to  undergo  decay,  for  example,  transforming 
into  a  proton  and  an  electron.  Fermi  has  recently  proposed  the  possi¬ 
bility  that  mesons  are  pairs  of  nuclear  particles  (protons  and  neutrons) 
in  a  super  condensed  state,  the  relatively  small  mass  being  due  to  a 
tremendous  binding  energy.  On  the  other  hand  Born  has  employed  a 
quantum  mechanical  principle  in  an  attempt  to  show  that  the  mathe¬ 
matical  formalism  of  elementary  particle  physics  allows  a  considerable 
number  of  discrete  mass  values. 

The  ultimate  solution  to  these  problems  lies  in  the  hands  of  theoreti¬ 
cal  and  experimental  physicists.  The  former  is  meeting  difficulties  involv¬ 
ing  the  divergence  of  computed  properties  of  elementary  particles  to 
infinity;  the  latter  finds  need  for  gigantic  10,000  ton  cyclotrons  and 
synchrotrons  to  probe  the  smallest  elements  of  matter.  For  each  it  has 
been  necessary  to  resort  to  the  immense  in  investigating  the  minute. 
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A  NEW  RESEARCH  TOOL  AND  TECH¬ 
NIQUE  FOR  THE  BIOLOGIST* 1 

Erling  S.  Hegre 
Medical  College  of  Virginia 

The  apparatus  and  technique  to  be  described  is  intended  to  provide 
a  new  approach  to  the  study  of  the  anatomy  of  minute  structures. 

The  objective  and  final  product  is  a  photographic  record  of  undis¬ 
torted  serial  sections  at  two  micron  intervals  through  a  biologic  specimen. 

By  projecting  the  finished  film  as  a  motion  picture  it  is  possible  to 
follow  the  course  and  changing  relationships  of  the  component  structures 
(as  for  example  a  blood  vessel  or  nerve)  from  level  to  level  in  an  un¬ 
interrupted  sequence. 

The  operation  and  significant  features  of  the  mechanical  equipment 
designed  to  produce  such  records  will  be  explained  after  first  giving  a 
preliminary  account  of  the  process  as  it  may  be  carried  out  manually. 

The  tissue  to  be  studied,  as  for  example  a  small  embryo,  is  first 
impregnated  with  lead  acetate,  infiltrated  with  paraffin  and  mounted  in 
an  exposed  position  on  a  small  paraffin  block.  With  a  sharp  knife  (razor 
blade)  a  section  is  cut  through  the  specimen  at  any  desired  ‘level,  A  so¬ 
lution  of  sodium  sulphide  is  then  applied  to  the  exposed  surface  of  the 
block.  After  a  short  interval  (5  to  10  seconds)  the  solution  is  wiped  off 
leaving  the  histologic  details  visualized  by  the  lead  sulphide  precipitate 
and  ready  to  be  studied  immediately  or  to  be  photographed.2 

This  procedure  of  exposing  successively  deeper  levels  and  staining 
each  in  turn  may  be  continued  until  the  entire  specimen  has  been  ex¬ 
amined. 

Because  of  the  absence  of  mechanical  distortion,  photographs  of 
successive  levels  can  accurately  be  superimposed.  It  is  this  feature  which 
made  it  practicable  to  construct  an  apparatus  which  would  automatically 

EDITOR’S  NOTE:  For  this  paper,  presented  at  the  Annual  Meeting-  of  the 
Academy,  May  12,  1950,  Dr.  Hegre  received  the  J.  Shelton  Horsley  Award.  This 
award  is  made  annually  in  recognition  of  the  “most  highly  meritorious  paper” 
presented  at  the  Annual  Meeting. 

1.  This  paper  was  presented  before  the  Biology  Section  at  the  recent  annual 
meeting  of  the  Virginia  Academy  of  Science  held  at  Roanoke.  It  was  accom¬ 
panied  by  a  motion  picture  illustrating  the  applications  that  have  been  made  of 
this  technique.  Because  of  their  nature  these  applications  do  not  lend  them¬ 
selves  to  illustration  in  a  published  report.  They  must  therefore  be  omitted  in 
favor  of  a  short  written  summary  found  in  the  concluding  paragraphs  of  this 
paper. 

2.  A  more  complete  description  of  this  procedure,  including  directions  for 
preparing  the  specimens  can  be  found  in  the  Anatomical  Record,  vol.  97,  pp.  21-28, 
Hegre  and  Brashear,  1947. 
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Figure  1.  Apparatus  for  making  a  photographic  record  of  undistorted 
serial  sections  of  biologic  specimens. 


cu^  stain^  and  photograph  successive  levels  through  the  prepared  speci¬ 
men.  In  the  description  to  follow  references  will  be  made  to  the  parts 
of  the  apparatus  designated  by  letter  as  shown  in  figure  one. 


The  tissue  (a),  an  embryo  such  as  was  mentioned  previously,  is 
mounted  in  the  usual  manner  in  the  vise  of  a  sliding  knife  microtome. 
The  knife  is  mounted  at  one  end  of  the  sliding  carriage  and  is  equipped 
with  a  suction  tube  (b)  which  will  remove  and  dispose  of  each  section  as 
it  is  cut.  The  vacuum  line  is  compressed  by  a  normally  closed  clamp  (c) 
which  is  released  by  a  dog  (d)  at  the  proper  interval. 

The  stain  is  conducted  by  gravity  from  a  reservoir  through  a  rub¬ 
ber  tube  to  a  channel  in  a  plastic  bar  (e  &  e’).  The  fluid  emerges 
through  a  small  pore  on  the  under  surface  of  the  bar  where  it  slowly 
accumulates  to  form  a  hanging  drop.  A  second  and  similar  channel  in 
this  plastic  bar  (figure  one,  insert)  is  attached  to  a  water  siphon  and 
will  remove  the  excess  stain. 

The  plastic  bar  is  mounted  on  the  sliding  carriage  in  such  a  way 
that  it  will  pass  directly  over  the  specimen  with  a  clearance  of  a  fraction 
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of  a  millimeter.  Thus  the  stain  will  in  turn  be  applied  to  the  tissue,  held 
in  contact  for  a  time  and  the  removed  at  appropriate  intervals  of  the 
cycle. 

The  specimen  is  illuminated  by  the  filtered  light  from  two  spot 
lights. 

A  Cine  Kodak  special  16mm.  motion  picture  camera  is  mounted 
above  the  block.  The  shutter  release  is  electrically  actuated  as  a  revolv¬ 
ing  brush  (h)  passes  over  each  exposed  contact  in  an  armature  (g).  Thus 
at  the  proper  interval,  a  predetermined  number  of  exposures  can  be 
made  of  each  new  level. 

The  whole  apparatus  is  powered  by  a  l/3  H.P.  electric  motor  on 
the  input  of  an  800:1  reduction  gear  (not  illustrated).  The  output  is 
connected  by  pulleys  and  a  V  belt  to  the  crankshaft  which  moves  the  arm 
attached  to  the  sliding  carriage. 

An  entire  cycle  is  completed  every  27  seconds  and  consists  of  cut¬ 
ting  the  section,  removing  the  section  by  vacuum,  staining  the  block 
surface,  removing  the  excess  stain  from  the  surface  and  actuating  the 
camera  shutter. 

Before  mentioning  some  of  the  uses  that  have  been  made  of  this 
tool  it  should  be  pointed  out  that  the  essential  procedure  embodies  a 
distinct  departure  from  the  usual  method  of  preparing  and  studying 
serial  sections;  that  is,  the  stain  is  applied  not  to  the  displaced  section, 
but  to  the  intact  surface  of  the  block.  Attention  can  therefore  be  directed 
to  the  details  on  the  exposed  surface  in  their  normal  relationship  to  the 
remainder  of  the  specimen.  Furthermore,  serial  sections  prepared  by  the 
routine  methods  always  suffer  some  distortion  due  to  compression  during 
cutting  or  as  a  result  of  unequal  spreading.  Such  inaccuracies  do  not 
occur  with  the  present  method. 

Very  thin  sections  are  especially  difficult  to  prepare  by  the  usual 
method.  The  present  equipment  eliminates  this  problem  in  cases  where 
a  photographic  record  will  suffice.  Thus  it  is  possible  to  study  the  un¬ 
distorted  structural  details  of  a  tissue  at  serial  intervals  of  a  fraction  of  a 
micron  with  ease. 

This  apparatus  has  been  used  to  prepare  photomicrographic  rec¬ 
ords  of  serial  horizontal  and  sagittal  levels  through  embryos  of  various 
ages.  The  films  are  suitable  for  classroom  projection  as  an  aid  to  the 
teaching  of  embryology.  They  can  also  be  used  in  making  reconstructions 
with  accuracy  such  as  has  not  been  possible  by  previous  methods. 

Some  records  are  unique  in  that  they  have  been  prepared  by  placing 
the  camera  at  an  angle  so  as  to  record  not  only  the  successive  levels  but 
each  in  its  normal  relationship  to  the  remainder  of  the  specimen. 

The  technique  has  also  been  applied  to  the  study  of  the  microscopic 
structure  of  individual  organs  such  as  the  lung  of  the  adult. 
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NEAR  BALANCE  RECTANGULAR 
LATTICES 

Boyd  Harshbarger 

Virginia  Agricultural  Experiment  Station 
INTRODUCTION 

The  development  of  statistical  theory  and  its  application  to  practical 
problems  proceeded  concurrently  from  the  time  when  Pascal  (1623- 
1662)  and  Fermat  (1601-1665)  became  interested  in  certain  problems 
that  arose  in  connection  with  gambling.  Down  through  the  years  re¬ 
searchers  and  professional  men  contributed  numerous  ideas,  among 
which  was  the  theory  of  large  samples  developed  by  Sir  Francis  Galton 
and  Karl  Pearson  in  connection  with  the  laws  of  inheritance.  R.  A. 
Fisher  pioneered  the  development  of  the  analysis  of  variance,  experi¬ 
mental  designs,  etc.,  and  a  chemist,  William  Gassett,  contributed  to  the 
theory  of  small  samples.  The  difficulties  encountered  in  statistical  in¬ 
ference  have  at  least  equaled  those  encountered  in  the  development  of 
mathematical  theory  and  have  provided  equal  opportunity  for  men  of 
genius. 

As  to  its  present-day  application,  statistical  theory  is  far  reaching, 
with  one  of  its  chief  uses  in  engineering  and  agricultural  research.  In 
nearly  all  scientific  studies,  the  primary  object  is  to  make  predictions. 
The  experimenter  makes  observations  and  analyzes  data  primarily  to  be 
in  a  position  to  predict  the  outcome  of  similar  tests  or  to  form  judg¬ 
ment  as  to  the  consequences  of  following  or  not  following  a  certain 
course  of  action. 

In  much  of  experimental  work  we  have  to  be  continually  making 
decisions  under  circumstances  in  which  we  cannot  predict  the  outcome 
of  an  individual  decision  with  certainty.  In  the  great  majority  of  cases, 
we  do  roughly  attempt,  in  a  qualitative  way,  to  weigh  the  chances  and 
make  the  best  guess  possible,  but  this  is  not  good  enough  in  modern  re¬ 
search.  We  want  to  reason  quantitatively  about  the  risks  involved.  It  is 
the  purpose  of  this  paper  to  present  a  new  statistical  design  that  in  cer¬ 
tain  cases  provides  more  efficient  tests  of  significance  than  is  available 
at  present. 

The  theory  of  the  experimental  arrangement  which  is  now  called  the 
lattice  was  first  given  by  Cochran  (1940)  and  Yates  (1936,  1939,  1940). 
Because  of  the  nature  of  the  mathematical  solution  used  in  these  de¬ 
signs,  they  were  restricted  to  the  cases  where  the  number  of  varieties  or 
treatments  were  perfect  squares.  In  papers.  Rectangular  Lattices 
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(Harshbarger,  1947)  and  Triple  Rectangular  Lattices  (Harshbarger, 
1949),  the  author  presents  an  extension  of  the  lattices  together  with  the 
general  theory  of  the  cases  where  the  number  of  varieties  or  treatments 
are  the  product  of  two  integers.  An  explicit  solution  is  given  for  the  case 
where  the  number  of  varieties  is  the  product  of  two  consecutive  integers. 

CONSTRUCTION  OF  NEAR  BALANCE  RECTANGULAR 
LATTICE  DESIGNS 

In  the  designs  of  Near  Balance  Rectangular  Lattices  each  repli¬ 
cation  of  k(k-l)  varieties  is  divided  into  k  blocks  of  k-1  varieties.  The 
varieties  are  assigned  to  the  incomplete  blocks  in  such  a  manner  that 
each  of  the  k(k-l)  varieties  throughout  the  experiment  occurs  with  ev- 
actly  k(k-2)  other  varieties  onty  once  and  never  with  the  remaining  k-1 
in  the  k2  incomplete  blocks. 

TABLE  I 

5x4  Near  Balance  Rectangular  Lattice 


Replication  1 

Blocks 

(1) 

0 

2 

3 

4 

5 

(2) 

6 

0 

8 

9 

10 

(3) 

11 

12 

0 

14 

15 

(4) 

16 

17 

18 

0 

20 

(5) 

21 

22 

23 

24 

0 

Replication  2 

Blocks 

(1) 

0 

6 

11 

16 

21 

(2) 

2 

0 

12 

17 

22 

(3) 

3 

8 

0 

18 

23 

(4) 

4 

9 

14 

0 

24 

(5) 

5 

10 

15 

20 

0 

Replication  3 

Blocks 

(1) 

0 

12 

23 

9 

20 

(2) 

21 

0 

18 

4 

15 

(3) 

16 

2 

0 

24 

10 

(4) 

11 

22 

8 

0 

5 

(5) 

6 

17 

3 

14 

0 

Replication  U 

Blocks 

(1) 

0 

17 

8 

24 

15 

(2) 

16 

0 

23 

14 

5 

(3) 

6 

22 

0 

4 

20 

(4) 

21 

12 

3 

0 

10 

(5) 

11 

2 

18 

9 

0 
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Replication  5 


Blocks 

(1) 

0 

22 

18 

14 

10 

(2) 

11 

0 

3 

24 

20 

(3) 

21 

17 

0 

9 

5 

(4) 

6 

2 

23 

0 

15 

(5) 

16 

12 

8 

4 

0 

For  example,  in  a  5x4  Near  Balance  Rectangular  Lattice,  shown  in 
Table  I,  in  the  first  replication,  variety  (2)  occurs  in  an  incomplete 
block  with  varieties  (3,4,5)  ;  in  the  second  replication  in  an  incomplete 
block  with  varieties  (12,  17,  22);  and  in  replications  three,  four  and 
five  in  incomplete  blocks,  respectively,  with  varieties  (16,  24,  10),;  (11, 
18,  9)  and  (6,  23,  15).  Variety  (2)  never  occurs  in  an  incomplete  block 
with  varieties  (21,  8,  14,  20).  In  a  test,  varieties  assigned  to  an  incom¬ 
plete  block  are  randomized  within  the  block  and  the  incomplete  blocks 
are  randomized  within  a  replicate.  The  zeros  shown  in  Table  I  are  for 
computational  simplicity  and  do  not  appear  in  the  design  when  placed 
in  the  field. 

ANALYSIS  OF  NEAR  BALANCE  RECTANGULAR 
LATTICE  DESIGNS 

The  mathematics  for  these  designs  is  similar  to  that  used  in  the 
development  of  the  Rectangular  Lattices.  The  resulting  formulas  for 
these  designs  increase  in  complexity  as  the  number  of  replications  in¬ 
creases  until  the  point  of  using  all  possible  replications  is  reached, 
which  is  the  Near  Balance  Rectangular  Lattice  Design.  At  this  stage  the 
entire  process  of  analysis  suddenly  becomes  very  much  simplified.  This 
simplification  enters  into  all  the  calculations  and  enables  much  saving  in 
time  necessary  for  calculations.  In  addition  greater  efficiency  over  the 
randomized  complete  block  is  obtained  as  compared  to  other  designs. 

The  symbols  used  in  the  design  are  defined  as  follows: 

1.  Rh  is  the  sum  of  yields  of  the  varieties  for  replicate  h. 

2.  Bhi  is  the  total  of  the  yields  of  the  varieties  from  the  blocks  i 
of  replicate  h. 

3.  Tm  is  the  sum  of  the  yields  from  all  replicates  of  the  varieties 
listed  in  block  i  of  replicate  h. 

4.  Vadefg--..  is  the  sum  of  the  yields  from  all  replicates  of  the 
variety  with  subscript  adefg... 

5.  G  is  the  grand  total  of  the  yields  of  all  the  varieties  in  the 
replicates. 

6.  yadefg—  is  the  yield  of  a  variety  with  subscript  adefg...  for  a 
particular  replicate. 

7.  k  is  the  number  of  blocks  in  a  replicate. 

8.  Shi  is  the  sum  of  variety  estimates  in  replicate  h  and  block  i. 
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TABLE  II 

5x4  Near  Balance  Rectangular  Lattice  Showing  Subscripts 

Replication  1 

Blocks  - - - 


(1) 

0 

y 12354 

y 13542 

y 14235 

y 15423 

(2) 

y 21534 

0 

y 23415 

y24153 

y 25341 

(3) 

y 31452 

y32145 

0 

y 34521 

y 35214 

(4) 

y 41325 

y 42513 

y 43251 

0 

y 451 32 

(5) 

y 51243 

y 52431 

y 63124 

y 54312 

0 

Blocks 

Replication  2 

(1) 

0 

y 21 534 

y 31 452 

y  41325 

y 51243 

(2) 

y 12354 

0 

y 32145 

y 42513 

y 52431 

(3) 

y 13542 

y23415 

0 

y 43251 

y 53124 

(4) 

y 14235 

y 24153 

y 34521 

0 

y 54312 

(5) 

y 15423 

y 25341 

y 35214 

y 45132 

0 

Blocks 

Replication  3 

(1) 

0 

y 32145 

y 53124 

y 24153 

y 45132 

(2) 

y  61243 

0 

y 43251 

y 14235 

y 35214 

(3) 

y 41325 

y 12354 

0 

y 54312 

y 25341 

(4) 

y 31452 

y 52431 

y 23415 

0 

y 15423 

(5) 

y 21534 

y 42513 

y 13542 

y 34521 

0 

Blocks 

Replication  4 

(1) 

0 

y 42513 

y 23415 

y 54312 

y 35214 

(2) 

y 41325 

0 

y 53124 

y34521 

y 15423 

(3) 

y 21534 

y 52431 

0 

y 14235 

y45132 

(4) 

y 51243 

y 32145 

y 13542 

0 

y 25341 

(5) 

y 31452 

y 12354 

y 43251 

y 241 53 

0 

Blocks 

Replication  5 

(1) 

0 

y 52431 

y 43251 

y 34521 

y 25341 

(2) 

y  31452 

0 

y 13542 

y 54312 

y 45132 

(3) 

y 51243 

y 42513 

0 

y 24153 

yi5423 

(4) 

y 21534 

yi2354 

y 53124 

0 

y 35214 

(5) 

y 41325 

y 32145 

y 23415 

yi4235 

0 
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These  estimates  of  population  parameters  must  satisfy  the  relation 
SW  (yaflefg...  —  m  rh  —  bhi  —  V adofg— -  )  2  -j~ 

Bhi  -  (k-l)m  -  (k-l)ru  -  Sm  2,  summed  over  and  h  0)  and  is  a 

k  - 1 

minimum  subject  to  restrictions  2rh  =  O.  N,bia  =  O  and  SVadefg...  =  O. 

The  normal  equations  for  evaluating  the  statistics  are 
k2(k— l)m  =  G 

k(k— l)m  +  k(k— l)rn  =  Rh  (2) 

(k— l)m  +  (k— 1)  rh  +  (k— l)bhi  4*  Si.i  =  Bm 
k(W+W')m  +  W  (bia-fb2d+b3e+b4f+b5g+...)  +  kWVaedfg...  + 

(Sla  +  S2d-j-S3e-}~S4f-i-S5g~l-...)  —  WVadefg...  4~ 

k— 1 

W' 

J  (Bia-i“B2d-f-B3e-|-B4f 4-Sg-!- ...) 

Equations  from  (2)  lead  in  a  fairly  straight-forward  manner  to  the 
Analysis  of  Variance  Table  III.  In  deriving  this  table  it  was  found  de¬ 
sirable  to  make  use  of  Table  II  where  the  varieties  are  designated  by 
use  of  subscripts  so  as  to  show  their  location  in  the  various  replications. 

ESTIMATION  OF  W  AND  W'  AND  THE  CALCULATION  OF 
ADJUSTED  VARIETY  MEANS 


The  estimates  for  W  and  Wr  are  derived  from  the  Analysis  of  Var¬ 
iance  Table.  If  the  mean  square  resulting  from  the  block  effects  is  de¬ 
noted  by  P  and  the  mean  square  of  the  intrablock  error  by  Q,  then  it 
can  be  shown  that  good  estimates  of  W  and  W'  are 


W  = 


Q 


W'  = 


k— 1 
kP-Q 


(3) 

(4) 


The  adjusting  of  the  variety  means  using  both  the  inter-  and  the  in- 
tra  block  information  is  accomplished  by  calculating  certain  constants. 
These  constants  are  then  subtracted  from  the  variety  means.  If  the 
variety  means  are  arranged  in  order  of  Replicate  1,  the  first  set  of  con¬ 
stants  are  subtracted  from  the  means  according  to  rows  and  the  second 
set  according  to  the  columns.  Then  these  variety  means  adjusted  by  the 
first  and  second  set  of  constants  are  arranged  as  in  Replicate  3  and  the 
constants  of  set  3  are  subtracted  according  to  rows.  Again  the  variety 
means  adjusted  by  constants  of  sets  1,  2,  and  3  are  arranged  as  in  Rep¬ 
licate  4  and  these  variety  means  are  adjusted  according  to  rows  by  the 
constants  of  set  4.  This  procedure  of  adjusting  variety  means  is  con¬ 
tinued  until  all  the  replicates  and  sets  of  constants  have  been  used.  The 
means  appearing  in  the  last  replicate  are  the  adjusted  variety  means. 


TABLE  III 

Analysis  Of  Variance 
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O’ 


i-H 

I 

Jbd 


£  g 

<D  O 
OD  pO 

So  aj 

cd  u 


o  g 

CD  -J3 
P  cd 

r*H  •  rH 

o 

cn> 


Pi 

.2 

"-+J 

cd 

CD 

a 

CD 

PS 


I 

7 


13 

CD 


CO  -F-5 
CD  13 

3  2 


o 

E-t 


\ 


(intra-block)  (k  1)  (k2 — 2k — 1)  by  subtraction 
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Another  method  is  to  list  the  variety  means  and  then  subtract  from 
each  the  sum  of  the  constants  (Cm)  for  the  replication  and  block  to 
which  the  variety  belongs. 


CONSTANTS 

Set  I 

(W-WO  [  (k— 2)  W+W']  (kn  —  Tii)  =  Cu)  (5) 

Set  II 

(W-WO  [ (k— 2) W+W']  (kBsi-To,)  =  C2i)  (6) 

Set  III 

(W-WO  [(k— 2) W+W']  (kB3i  —  T3i)  =  C..)  (7) 

Set  h 

(W-WO  C (k— 2)  W+W']  (kBhi  -  T„.)  =  Cm)  (8) 


STANDARD  ERRORS  OF  ADJUSTED  VARIETY  MEANS 

To  test  the  significance  of  two  varieties,  the  standard  error  of  their 
difference  is  needed.  In  the  Near  Balance  Rectangular  Lattice  Designs 
there  are  two  simple  formulas  for  the  standard  error  depending  upon 
whether  two  varieties  appear  together  in  any  one  incomplete  block  or  do 
not  appear  together. 


The  standard  error  of  the  difference  between  the  means  of  two  var¬ 
ieties  occurring  together  in  an  incomplete  block  is 


/_2_ 

V  kW 


[ 


1  + 


k— i  f  w-w'  yi 
k  l  (k— 2) W+W'  JJ 


(9) 


The  standard  error  of  the  difference  between  the  means  of  two 
varieties  not  occurring  together  in  an  incomplete  block  is 

/  2  r  w-w'  1 

V/kWL1+  (k-2)W+W'J  (10) 

The  two  above  formulas  can  be  weighted  to  give  the  average  stand¬ 
ard  error  which  is 


/  2 

V  kW 


[ 


1  + 


k  i  w-w'  yi 

k"— k— 1  V  (k— 2) W+W'  J] 


(ID 


NUMERICAL  ANALYSIS 

To  illustrate  numerically  the  method,  of  analysis  for  the  Near  Bal¬ 
ance  Lattice  Designs,  the  analysis  of  a  corn  variety  experiment  is  pre¬ 
sented. 

Since  20  varieties  were  to  be  tested  in  the  experiment,  a  5x4  Near 
Balance  Lattice  was  used.  The  experiment  was  set  up  as  in  Table  I  and 
when  placed  in  the  field,  the  varieties  were  randomized  within  each 
block  and  the  blocks  within  each  replicate. 
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After  the  harvesting  of  the  corn,  the  yields  on  a  per  acre  basis 
were  tabulated  and  compiled  for  computational  purposes  as  shown  in 
Table  IV.  The  upper  figure  in  each  plot  refers  to  the  variety  number 
while  the  lower  figure  is  the  variety  yield  in  pounds  per  acre.  The  size 
of  each  plot  was  2x10  hills. 

The  total  vield  of  the  varieties  for  the  5  replications  are  listed  in 
Table  V. 

The  calculations  for  the  analysis  of  variance  followed  the  formulas 
given  in  Table  III.  In  order  to  compute  the  sum  of  squares  for  blocks 
corrected  for  varieties,  it  is  convenient  to  form  Tables  VI  and  VII. 
Table  VI  shows  the  difference  between  5  Bm  and  Tm.  The  block  i  totals 
shown  in  Table  VII  and  the  replicate  totals  are  also  used  in  the  compu¬ 
tation  for  the  sum  of  squares  for  blocks. 
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TABLE  IV 

Yield  Of  Corn  Varieties  By  Replications 
Replication  1 


Blocks  Block  Totals 


2 

3 

4 

5 

(1) 

0 

66.1 

78.7 

73.9 

83.2 

301.9 

6 

3 

1 

9 

10 

(2) 

59.5 

0 

68.6 

65.0 

87.8 

280.9 

i 

i  ii 

12 

14 

15 

(3) 

86.0 

97.5 

0 

97.4 

95.2 

376.1 

, 

15 

17 

18 

20 

(4) 

77.0 

76.8 

75.5 

0 

80.7 

310.0 

1 

1 

j 

21 

22 

1 

|  23 

24 

(5)  1 

89.5 

83.7  | 

| 

77.2  | 

83.5 

0 

333.9 

Total 

(Ri) 

1602.8 

Replication  2 

Blocks 

Block  Totals 

i 

1 

i 

6  | 

I 

1  11 

16 

21 

(i)  ! 

0 

67.6  | 

83.1 

72.6 

71.7 

295.0 

1 

1 

j 

2 

1 

12 

17 

22 

(2)  | 

72.4 

0 

77.4 

71.9 

66.4 

288.1 

1 

f 

3 

8 

18 

23 

| 

(3)  | 

67.2  | 

67.0 

0 

74.6 

76.6 

285.4 

1 

1 

4 

9 

14 

24 

i 

i 

/: 

(4)  ! 

86.0 

69.7 

100.0 

0 

75.6 

331.3 

1 

i 

1 

i 

5 

10 

15 

20 

(5)  I 

96.0 

93.0 

86.7 

82.3 

0 

358.0 

Total 


(R2)  1557.8 
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Replication  3 


Blocks  Block  Totals 


1 

1  12 

1 

1 

1 

23  | 

i 

9 

1 

1 

20 

1 

1 

1 

(1) 

o 

| 

1  74.2 

1 

1 

j 

64.2 

60.4 

1 

1 

71.5 

1 

1 

270.3 

1  21 

r 

1 

1 

1 

1 

1 

18 

4 

1 

1 

i 

15 

1 

1 

(2) 

1  68.6 

1  0 

1 

1 

76.9  i 

67.4 

1 

1 

67.6 

1 

1 

285.5 

1  16 
j 

2 

1 

i 

1 

1 

24 

■ 

1 

1 

10 

1 

1 

(3) 

1  68.1 

j 

|  63.6 

1 

1 

1 

0  1 

61.1 

1 

1 

75.7 

1 

268.5 

[  11 

! 

|  22 

1 

1 

8 

1 

! 

i 

5 

1 

1 

I 

(4) 

| 

|  75.8 

| 

!  68.8 

1 

1 

66.3  1 

0 

I 

1 

83.0 

1 

1 

293  9 

i 

1 

6 

J  17 

1 

[ 

3 

j 

14 

1 

i 

i 

1 

1 

1 

(5) 

!  58.8 

|  73.7 

71.2  | 

86.4 

I 

1 

0 

1 

290.1 

Total  (R3)  1403.3 


Replication  4 


Blocks  Block  Totals 


1 

17 

8 

1 

! 

24 

1 

1 

1 

15 

1 

1 

1 

(1) 

0 

56.4 

53.6 

50.4 

1 

1 

60.3 

1 

1 

220.7 

16 

23 

i 

i 

i 

14 

1 

1 

5 

1 

1 

(2) 

57.3 

0 

57.3 

i 

i 

63  9 

1 

62.9 

I 

241.4 

i 

6 

j 

22 

i 

1 

4 

1 

1 

1 

20 

1 

1 

l 

(3)  | 

47.0 

58.1 

0 

1 

55.6 

1 

58.7 

1 

1 

219.4 

! 

!  21 

12 

3 

! 

1 

1 

1 

10 

1 

>  1 
l 

(4)  ! 

| 

66.3 

66  2 

61.4 

i 

! 

0 

! 

62.9 

1 

1 

256.8 

1 

1 

1 

11  1 

| 

2 

18 

1 

i 

i 

9 

1 

I 

i 

I 

1 

1 

1 

(5)  1 

68.7  I 

51.1 

5 

I 

56  8 

i 

1 

0 

1 

1 

240  1 

Total 


(R.)  1178.4 
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Replication  5 

Blocks  Block  Totals 


22 

18 

14 

1  10 

(1) 

0 

76.2 

72.2 

i  87.8 

|  75.0 

311.2 

1  11 

3 

i  24 

j 

|  20 

(2)  | 

I  79.5  j 

1  o 

75.1 

I  68.6 

1  84.6 

307.8 

1 

'  21 

i 

17 

9 

1  5 

(3)  1 

1  80.8  | 

78.7 

0 

62.7 

88.9 

311.1 

I  1 

6  1 

2  1 

1 

23 

15 

j 

(4)  ! 

66.8  1 

66.4  1 

75.9 

0 

86.0 

295.1 

1 

1 

16  | 

12  i 

8 

4 

j 

j 

(5)  1 

68.4  | 

77.6  I 

70  0  ! 

66.3  ! 

0 

282.3 

Total  (R5)  1507.5 


TABLE  V 

Variety  Total  Yields 


Variety 

Total 

Variety 

Total 

2 

319.6 

14 

435.5 

3 

353.6 

15 

395.8 

4 

349.2 

16 

343.4 

5 

414.0 

17 

357.5 

6 

299.7 

18 

362.7 

8 

325.5 

20 

377.8 

9 

314.6 

21 

376.9 

10 

394.4 

22 

353.2 

11 

393.1 

23 

351.2 

12 

392.9 

24 

339.2 

24 
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TABLE  VI 

kBhi  —  Thi 


i 

Tu 

5Bn-Tu 

T2, 

5B2i  — T2j 

T3I 

5B,‘ji  — T3I 

1 

1436.4 

73.1 

1413.1 

61.9 

1436.5 

-85.0 

2 

1334.2 

70.3 

1423.2 

17.3 

1484.6 

-82.1 

3 

1617.3 

263.2 

1393.0 

34.0 

1396.6 

-54.1 

4 

1441.4 

108.6 

1438.5 

218.0 

1485.8 

-16.3 

5 

1420.5 

1 

!  249.0 

1582.0 

208.0 

1446.3 

+  4.2 

i 

T*i 

5Bu  — T41 

T5i 

5B5i  — T5i 

1 

1 

1418.0 

| 

|  -314.5 

1545.8 

10.2 

2 

1544.1 

-337.1 

1463.7 

75.3 

3 

1379.9 

-282.9  | 

1463.0 

j 

92.5 

4 

1517.8 

1 

-233.8  | 

1366.3 

109.2 

5 

1390.0  j 

-189.5 

1411.0 

.5 

TABLE  VII 

Block  Totals  For  All  Replicates 
(Bn  -f-  B21  +  Bsi  +  Bn  -J-  B5i) 


i  I  Total 


1 

2 

3 

4 


1399.1 
1398.7 
1460.5 

1487.1 


5 


1504.4 
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The  analysis  of  variance  table  for  the  experiment  is  shown  in  Table 

VIII. 

In  adjusting  the  variety  means  using  the  inter-  and  intra-block  var¬ 
iances,  the  weights  and  correction  terms  are  calculated  from  formulas  (3) 
and  (4)  and  formulas  ( 5 ),  (6),  (7)  and  (8).  respectively.  W  was 
found  to  be  .062734  and  W'  to  be  .013631.  The  correction  terms  are 
listed  in  Table  IX.  The  unadjusted  variety  means,  the  appropriate  cor¬ 
rections  applied  to  each,  and  the  resulting  adjusted  variety  means  are 
shown  in  Table  X. 

The  standard  error  of  the  difference  between  the  means  of  the  two 
varieties 

(1)  occurring  in  an  incomplete  block  is  2.760 

(2)  not  occurring  together  in  an  incomplete  block  is  2.816. 

The  average  standard  error  is  2.772. 


TABLE  VIII 

Analysis  of  Variance  of  a  Near  Balance  Rectangular  Lattice 

Experiment 


Source  of 
Variation 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean 

Squares 

Replicates 

4 

5711.12 

1427.7800 

Blocks 

20 

1237.53 

61.8765  (P) 

Varieties 

(unadjusted) 

19 

4652.08 

244.8463 

Error 

(intra-block) 

56 

892.65 

15.9402  (Q) 

Total 

99 

12,493.38 

TABLE  IX 

Correction  Terms 

i  Cu 

On 

Cai 

C4, 

Cat 

1  .724 

.613 

-.842 

-3.117 

.101 

2  .697 

.171 

-.814 

-3.341 

.746 

3  2.608 

.337 

-.536 

-2.804 

.917 

4  1.076 

2.161 

-.162 

-2.317 

1.082 

5  2.468 

2.061 

+.042 

-1.878 

.005 

5 
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TABLE  X 


Unadjusted  And  Adjusted  Variety  Means 


Variety 

Mean 

Adjustment 

= 

Adjusted  Mean 

2 

63.92 

— 

(  Oll-f“C22-]- C33-}" C45-}- Co4 ) 

= 

64.36 

3 

70.72 

— 

(Cn+C«H-C»H-C44+C») 

= 

71.19 

4 

69.84 

— 

(  Cll-j-C21-f-C32-j-U43-f"Us5) 

— 

70.57 

5 

82.80 

— 

(  Cu“f-  C25-)-  C34-I-  0 12 -f~  C53  ) 

= 

82.60 

6 

59.94 

— 

(  Cl2“|-021  -j-C35-}~Ol3-l-U34  ) 

= 

60.31 

8 

65.10 

— 

(  Ol2-J~ C23-I- Oai-]-  C41-j~  C 35 ) 

= 

67.34 

9 

62.92 

— 

(Cl2~|-C24-]-C31-J-C45-}-C33) 

= 

61.86 

10 

78.88 

— 

(  Cl2+ C25  + C33-I- C44-}- Csi ) 

= 

78.87 

11 

78.62 

— 

(  Cl3-|- C2I -4- 034-f"  C45-}-  Co2 ) 

= 

76.69 

12 

78.58 

— 

(CX3+C22+C3X+C44+C55) 

= 

78.96 

14 

87.10 

— 

(  Ol3-(- 024-(- O35-}-  042-f“  Col ) 

= 

85.53 

15 

79.16 

— 

(  Cl3~f~U25-|-U32-]-C41  — j—  C54 ) 

= 

77.34 

16 

68.68 

—  ' 

(0l4-J-C21-f'C33-f"042-(_U53) 

— 

70.86 

17 

71.50 

- 

(  Cl4“|~  ^—^22  |  ^—^33  {  C4I  C53) 

= 

72.41 

18 

72.54 

— 

(  Cl4-f~ C23-I- C32-j-  Cxo-j- Csi ) 

= 

73.72 

20 

75.56 

— 

(  0l4-j-L25_j“031_}-L43_i-U52) 

= 

75.32 

21 

75.38 

— 

( Oio-j-  02i  -j-  O32-I-  C 11— j—  0o3  ) 

= 

74.51 

22 

70.64 

— 

(Cl5-J-U22“l-C34  4-C43-f-Cr>1  ) 

rr 

70.87 

23 

70.24 

— 

(0l5“l-023-|-031-l-042-j-U34  ) 

= 

70.54 

24 

67.84 

— 

(  Ol5  “(-  C24  “j-  C33-}-  C  41  “J-  C.-.2  ) 

— 

66.12 
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A  PUNCH  CARD  SYSTEM  FOR  THE 
BIBLIOGRAPHY  OF  ANALYTICAL 
CHEMISTRY 

Ralph  E.  Thiers 

John  Lee  Pratt  Trace  Analysis  Laboratory, 

School  of  Chemistry,  University  of  Virginia 

INTRODUCTION 

At  one  time  or  another  every  scientist  has  been  faced  with  the  great 
task  which  is  involved  in  concentrating  from  the  literature  the  informa¬ 
tion  pertinent  to  his  particular  problem.  This  is  a  long  job,  and  the 
amount  of  information  which  must  be  filed  in  one  research  laboratory 
often  has  such  bulk  that  even  to  obtain  information  on  one  topic  is  time 
consuming.  The  increasing  seriousness  of  this  problem  as  the  store  of 
scientific  literature  grows  has  been  viewed  with  alarm  in  many  articles 
and  editorials  in  recent  years.  The  source  of  the  difficulty  has  been  attri¬ 
buted  to  the  fact  that  the  art  of  indexing  and  classifying  information 
has  not  kept  pace  with  the  increase  in  the  amount  of  information  to  be 
indexed,  and  the  old  methods  are  becoming  less  able  to  cope  with  the 
growing  mountains  of  material.  Dr.  V.  Bush,  in  the  Atlantic  Monthly 
of  July,  19451  discussed  this  subject  and  suggested  that  someone  perfect 
a  mechanical  memory  called  the  “Memex”  machine  in  which  vast  quan¬ 
tities  of  material  could  be  stored  and  brought  out  at  will  with  high 
efficiency,  and  under  many  classifications.  Some  work  has  been  done  on 
such  a  device,  but  until  it  is  perfected  other  methods  must  suffice. 

PUNCHED  CARDS 
General 

The  problem  has  been  attacked,  and  in  some  phases  partially  solved 
by  the  use  of  punched  cards.  These  are  filing  cards  with  which  the  opera¬ 
tions  of  “sorting”  and  “selecting”  may  be  done  mechanically  by  virtue 
of  information  placed  on  them  as  code  in  the  form  of  holes  or  slots.  The 
sorting  or  selecting  mechanism  operates  by  responding  to  this  code  and 
accepting  or  rejecting  any  card  during  a  given  operation  according  to 
the  position  of  the  holes  or  slots.  The  more  information  a  card  can  carry 
as  code  the  more  valuable  it  becomes  as  a  unit  in  a  filing  system.  This  is 
because  sorting  or  selecting  can  be  done  in  terms  of  one  class  of  infor¬ 
mation  independent  of  the  others  and  therefore  each  type  of  information 
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coded  can  be  consulted  as  though  the  file  were  set  up  for  that  type.  This 
completely  eliminates  the  necessity  for  cross  referencing. 

Probably  the  best  known  system  for  making  and  handling  punch 
cards  is  that  of  the  International  Business  Machines  Corporation,  and 
it  is  widely  used.  However  the  equipment  is  too  involved  and  expensive 
for  use  by  a  small  laboratory.  Another  system  of  punch  cards  exists 
which  fits  very  well  the  needs  of  a  small  organization  or  even  an  indivi¬ 
dual.  This  system  involves  the  use  of  edge-punched  and  manually  slotted 
cards,  and  because  of  its  simplicity,  nominal  cost,  and  wide  applicability 
it  deserves  more  extensive  use.  Such  cards  can  be  obtained  under  the 
trade  name  of  “Rocket”  from  The  Charles  R.  Hadley  Co.,  330  North 
Los  Angeles  Street,  Los  Angeles,  California,  and  under  the  trade  name 
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of  “Keysort”  from  the  McBee  Company,  Athens,  Ohio,  and  have  been 
discussed  in  several  articles2,3,4,R,G. 

This  paper  is  an  attempt  to  summarize  the  techniques  in  use,  to 
generalize  on  the  possibilities  for  new  techniques,  and  to  describe  one 
card  form  which  should  be  widely  adaptable. 

Methods 

The  basic  principle  of  the  edge  notched  punch  card  is  that  when  a 
number  of  cards  have  holes  punched  in  a  certain  place  near  the  edge, 
and  when  cards  corresponding  to  a  given  requirement  have  a  slot  cut  so 
that  this  hole  is  opened  to  the  edge  (as  shown  in  fig.  1)  a  needle  may 
be  passed  through  one  of  the  holes  in  a  stack  of  cards  and  the  stack 
lifted,  dropping  out  only  those  cards  which  have  been  slotted2. 

Direct  Coding — A  row  of  holes  may  be  punched  on  each  card  and 
given  different  independent  meanings,  and  can  be  slotted  or  not  slotted 
in  each  position  in  accordance  with  the  criterion  for  that  hole.  This 
has  been  termed  direct  coding  and  is  the  simplest  method  in  use.  If,  for 
example,  hole  number  3  is  slotted  when  the  card  is  concerned  with  the 
element  uranium,  then  by  needling  hole  number  3  all  of  the  cards  on 
uranium  can  be  obtained  from  the  pack. 

Field  Coding ,  7Jf21  Type — Ingenuity  soon  led  to  improvements  in 
the  use  of  holes  to  gain  versatility  and  to  allow  coding  of  numbers  and 
letters.  The  idea  of  using  several  holes  side  by  side  combined  in  a  “field” 
for  coding  was  the  basic  step  away  from  direct  coding3.  Numbers  can 
then  be  coded  by  a  system  utilizing  a  field  four  holes  wide  with  the  holes 
labelled  from  left  to  right  7,  4,  2,  and  1,  respectively.  By  slotting  one 
or  more  of  these  holes  so  that  the  sum  of  the  numbers  slotted  represents 
the  desired  figure,  digits  from  1  to  9  can  be  coded  (no  slots  representing 
zero),  and  all  numbers  up  to  14.  (See  Fig.  2).  By  using  several  adjacent 
fields  for  the  units,  tens,  hundreds,  etc.,  large  numbers  can  thus  be 
coded. 

There  is,  however,  a  loss  in  going  from  the  direct  coding  to  the 
above  described  field  system.  In  direct  coded  cards  all  of  the  cards 
corresponding  to  a  certain  classification  can  be  obtained  by  one  pass  of 
a  needle;  or  if  the  cards  are  desired  in  a  certain  order  of  classifications 
they  may  be  placed  in  that  order  by  needling  the  holes  in  the  appropriate 
order,  which  is  of  course  a  long  business.  These  two  operations  are 
“selecting”  and  “sorting”,  respectively.  The  simple  7421  field  does  not 
allow  the  selection  of  numbers,  but  gains  a  great  advantage  in  sorting 
efficiency. 

It  can  be  seen  from  the  above  example  (Fig.  2)  that  if  needles  were 
inserted  to  drop  out  1920,  then  along  with  1920  would  also  come  °11 
four  digit  numbers  with  1,  3,  5,  or  8  as  the  first  digit  when  followed  by 
9  as  the  second  and  2,  3,  6,  or  9  as  the  third.  However  this  code  does 
provide  the  ability  to  sort  the  cards  into  numerical  order,  which  is  done 
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by  the  following  process.  A  needle  is  inserted  into  the  hole  at  the  extreme 
right  and  any  cards  which  fall  are  placed  at  the  back  of  the  stack;  the 
hole  immediately  to  the  left  is  now  needled  and  the  fallen  cards  placed 
at  the  back;  this  is  continued  until  all  the  holes  have  been  needled,  when 
the  pack  will  be  found  to  be  in  numerical  order,  with  the  lowest  numbers 
at  the  front. 

Selectable  7.I/.21  Code. — In  order  to  gain  the  ability  to  select,  as  well 
as  sort,  two  more  holes  must  be  added  to  each  field.  These  holes  are 
labelled  0,  and  SF,  the  latter  standing  for  “single  figure”.  (Fig.  3). 
Then  when  7,  4,  2,  1,  or  0  is  to  be  coded  the  SF  hole  is  also  slotted, 
and  when  7,  4,  2,  1,  or  0  is  to  be  selected  from  a  certain  field  two  needles 
are  used,  one  in  the  figure  hole  and  one  in  the  SF  hole.  The  needle  through 
the  SF  hole  then  prevents  double  figure  cards  from  dropping. 

Alphabetic  Fields. —  Coding  of  letters  of  the  alphabet  may  be  done 
by  two  methods,  one  of  which  adapts  numbers,  and  the  other,  letters, 
to  the  job  of  being  mnemonic  devices3’4.  In  the  numerical  system  the 
letters  A  through  M  are  numbered  1  to  13,  and  slotted  as  such  in  a 
numbers  field.  To  this  field  one  extra  hole  is  added,  labelled  N-Z,  and 
the  letters  N  through  Z  are  also  numbered  from  1  to  13  and  so  slotted, 
but  with  the  N-Z  hole  slotted  also.  This  of  course  provides  sortability 
but  not  selectability.  (Fig.  4). 

The  mnemonic  letter  system  also  uses  a  field  five  holes  long,  the  holes 
being  labelled  O,  I,  E,  C,  and  B.  Each  letter  is  then  assigned  a  slotting 
code  as  follows: 

A  —  no  hole  slotted 
B  —  B  only  slotted 
C  —  C  only  slotted 
D  —  C  and  B  slotted 
E  —  E  only  slotted 
F  —  E  and  B  slotted 
G  —  E  and  C  slotted 
H  —  E,  C,  B  slotted,  and  so  on. 

This  also  allows  sorting  of  the  cards  but  not  selection  of  cards  coded 
with  a  certain  letter.  It  may  be  seen  that  the  two  systems  are  closely 
related. 

A  new  and  ingenious  system  of  alphabetic  and  numerical  coding 
was  described  by  Cox,  Casey  and  Bailey5  which  departed  from  previous 
practice  in  using  a  triangular  code.  By  means  of  only  two  slots  in  a  field 
five  holes  wide  any  digit  from  0  to  9  could  be  coded  and  used  either 
for  selecting,  or  for  sorting  by  the  usual  method.  In  each  field  the  two 
holes  are  slotted  whose  diagonal  columns  intersect  at  the  desired  number. 
To  select  a  given  number  two  needles  are  inserted  in  the  holes  that 
would  be  slotted  to  code  that  number,  and  the  pack  is  lifted,  whereupon 
the  selected  cards  drop  out.  (Fig.  5).  This  system  is  superior  to  the 
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earlier  one  in  that  more  than  two  needles  per  field  are  never  needed,  and 
the  fields  are  only  five  holes  wide.  It  was  further  improved  by  the  same 
workers  by  introducing  the  idea  of  using  a  double  row  of  holes  in  con¬ 
junction  with  a  triangular  code.  Two  symbols  can  then  be  placed  in 
each  square  of  the  fields  thus  greatly  increasing  the  capacity.  The  desired 
square  is  then  designated  by  the  position  of  the  slots  as  with  the  tri¬ 
angular  code  above,  and  if  the  upper  symbol  of  the  two  occupying  that 
square  is  meant,  the  left  hand  slot  is  to  the  first  row  of  holes  only,  while 
if  the  lower  symbol  is  desired,  the  left  hand  slot  is  deep.  The  right  hand 
slot  is,  by  convention,  deep  when  the  left  slot  is  shallow,  and  shallow 
when  the  left  slot  is  deep.  (See  Fig.  6). 

By  this  system  a  numerical  field  is  only  four  holes  wide  per  digit, 
and  yet  it  allows  sorting,  and  selecting  with  one  pass  of  the  needles, 
using  only  two  needles  per  field  for  the  selection.  Sorting  is  accomplished 
in  a  fashion  similar  to  the  one  described  above  for  codes  using  a  single 
row  of  holes.  A  needle  is  passed  through  the  upper  hole  at  the  extreme 
right  and  lifted;  the  fallen  cards  are  placed  at  the  back  of  the  pack  and 
the  needle  passed  through  the  lower  hole  at  the  right,  and  the  process 
repeated,  needling  the  upper  then  the  lower  hole  from  right  to  left  until 
the  left  hand  side  is  reached,  when  the  cards  will  be  found  to  be  in 
order.  Selecting  is  done  by  needling  the  holes  which  would  be  slotted 
to  code  the  card  whose  selection  is  desired. 

With  this  system  it  is  possible  to  make  an  alphabetic  code  without 
resorting  to  numbers  as  mnemonics,  for  with  a  field  six  holes  wide, 
fifteen  squares,  or  space  for  30  symbols,  are  available,  or  if  slight 
abbreviations  such  as  grouping  xyz  together  are  not  objectionable,  a 
five  hole  field  with  20  spaces  may  be  used.  Because  of  the  variation  in 
frequency  of  occurrence  of  the  letters  when  they  appear  as  the  first, 
second,  or  subsequent  letters  of  a  word,  Cox,  Casey  and  Bailey5,  after 
studying  letter  frequencies  for  names,  proposed  an  excellent  breakdown 
of  the  alphabet,  where  the  code  varies  for  each  of  the  first  three  letters 
of  the  name.  With  a  code  six  holes  wide,  thirty  positions,  or  four  more 
than  were  necessary  to  code  the  alphabet  were  available.  These  they 
occupied  by  dividing  the  letter  M  into  Mi,:  which  are  M’s  before  Me, 
Me  itself,  and  M«  for  M’s  after  Me,  and  by  dividing  the  letter  S  into  Si, 
for  S’s  before  Sch,  Sch  itself  and  Sa  for  S’s  after  Sch.  They  found  that 
in  about  80%  of  names  the  second  letter  was  one  of  A,  E,  I,  O,  C,  FI, 
L  or  R  and  that  one  of  the  group  C,  H,  L,  R  occurred  with  about  the 
same  frequency  as  any  of  A,  E,  I,  or  O.  Therefore  they  proposed  a  full 
code  for  the  first  letter,  but  an  abbreviated  three-hole-wide  code  for  the 
second  letter.  In  the  case  of  the  third  letter  a  six-hole-wide  code  was  pro¬ 
posed,  but  with  different  alphabetic  distribution.  Because  of  the  frequent 
occurrence  of  E,  L,  N,  and  R  as  third  letters,  each  of  these  was  divided 
into  two  categories,  Ei,  Ea,  Li,  La,  etc.,  depending  on  whether  the  fourth 
letter  of  the  word  was  from  the  first  or  second  half  of  the  alphabet, 
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respectively,  thus  obtaining  somewhat  finer  sorting.  (Fig.  7). 

By  this  coding  system  cards  may  be  sorted  and  selected  by  the 
same  method  described  for  its  numerical  analogue.  This  double-hole, 
triangular  field  coding  system  represents  probably  the  best  and  most 
versatile  system  for  numerical  and  alphabetical  coding  at  present  known 
for  edge  punched  and  slotted  cards,  and  allows  a  large  amount  of  infor¬ 
mation  to  be  placed  on  a  relatively  small  card. 

Other  Methods. — Other  methods  of  coding  exist,  and  can  be  devised. 
The  same  authors  have  proposed  an  improved  six  position  selector  code, 
one  hole  deep.  They  have  also  suggested  that  alphabetic  sorting  may  be 
done  by  assigning  numbers  to  equal  alphabetic  intervals. 

Use  of  a  double  row  of  holes  introduces  the  possibility  not  only  of 
slotting  shallow  or  deep,  but  also  of  cutting  out  the  space  between  the 
two  holes.  However,  cards  slotted  in  this  fashion  do  not  drop  clear  of 
the  pack  when  needled,  and  so  lose  to  a  large  extent  their  advantage 
of  convenience.  (Fig.  8). 

A  system  basically  different  from  those  above  has  been  described 
by  Mooers7  and  Wise8,  the  mathematical  theory  of  which  has  been  dis¬ 
cussed  by  the  latter9.  This  difference  is  that  more  than  one  entry  can  be 
coded  in  a  single  field.  Mooers’  method  is  to  use  one  large  field"  and  to 
assign  to  any  word  to  be  coded  a  given  number  of  randomly  chosen 
slotting  positions.  He  states  that  a  four-notch  code  in  a  field  of  40 
positions  will  allow  up  to  seven  coded  ideas  from  a  vocabulary  of  90,000 
coded  ideas  to  be  coded  on  each  card.  In  this  system,  and  that  of  Wise, 
extra  or  unwanted  cards  drop  with  those  sought,  but  their  number  is 
small  enough  that  they  can  be  rejected  by  inspection.  Wise  uses  a  num¬ 
ber  of  fields,  with  a  number  of  slots  in  each,  and  each  idea  is  assigned  a 
code  which  gives  it  one  slot  in  each  field.  He  points  out  that  in  order 
to  have  maximum  efficiency  the  number  of  fields  should  be  so  related  to 
the  number  of  ideas  per  card  and  the  total  number  of  available  holes 
that  on  the  average  37%  of  the  holes  should  be  slotted.  These  systems 
put  few  limitations  on  the  material  which  can  be  coded.  As  well  as  words 
or  numbers,  chemical  formulae  and  ciphers  for  organic  compounds  from 
the  Dyson  or  the  National  Research  Council  system  can  be  used.  A  full 
discussion  of  these  codes  will  be  found  in  a  book  edited  by  Robert  S. 
Casey  and  J.  W.  Perry  and  soon  to  be  published  by  the  Reinhold  Publish¬ 
ing  Corporation. 

THEORETICAL  POSSIBILITIES  FOR  NEW  METHODS 

It  is  interesting  to  examine  the  methods  of  coding,  sorting  and  select¬ 
ing  these  cards  which  are  now  in  use,  and  to  try  to  devise  new  and 
better  codes.  One  might  casually  guess  that  the  efficiency  and  versatility 
of  the  cards  might  be  improved  indefinitely  as  better  and  better  systems 
of  coding  were  found.  On  second  thought,  however,  one  realizes  that  all 


34 


The  Virginia  Journal  of  Science 


[January 


of  the  above  described  systems  are  merely  mnemonic  devices  and  that 
a  card  with  a  given  number  of  holes  punched  in  it  has  a  maximum  to  the 
number  of  data  which  can  be  recorded  on  it.  This  maximum  should  be 
calculable,  and  attempting  to  do  so  led  to  the  following  results. 

Let: 

W  stand  for  the  width  of  the  field  in  question  expressed  as  a  number 
of  holes; 

D  stand  for  the  depth  of  the  field  in  question  expressed  as  a  number 
of  holes; 

N  stand  for  the  number  of  holes  opened  to  the  edge  to  code  the  data 
in  question;  (e.g.,  for  a  shallow  slot  N  —  1,  for  a  slot  2  holes  deep 
N  —  2,  and  if  one  of  each  of  these  is  in  the  same  field,  N  =  3) ; 

K  stand  for  the  number  of  needles  used  for  one  pass,  in  selecting; 

C  stand  for  the  available  number  of  different  choices  of  data  to  be  coded 
when  sortability  but  not  selectability  is  required; 

S  stand  for  the  available  number  of  different  choices  of  data  to  be  coded 
when  both  sortability  and  selectability  are  required. 

Direct  Codes. — Each  hole  of  a  direct  code  may  be  considered  as  a 
field,  where  W  =  1,  D  =  1  and  N  —  1,  and  therefore  S  =  1  and 
C  —  2.  If  all  the  holes  are  independent  of  each  other  then  the  number 
of  data  which  can  be  coded  is  equal  to  the  number  of  holes  on  the  card. 
It  is  possible  to  make  the  holes  partially  dependent,  for  example  by 
deciding  that  “if  hole  number  one  is  slotted  indicating  that  the  card 
refers  to  a  book,  then  hole  number  three  will  be  punched  if  it  is  over  500 
pages  long,  whereas  if  hole  number  two  is  slotted  indicating  reference 
to  a  journal  article  then  hole  number  three  will  be  punched  if  it  is  over 
5  pages  long.”  This  type  of  system  can  greatly  increase  the  capacity  of 
a  direct  type  code,  but  from  a  strict  standpoint  it  is  not  a  true  direct 
code,  since  the  holes  are  not  independent.  It  really  amounts  to  using 
part  of  the  possibilities  in  a  field,  since  when  this  dependence  exists  N 
becomes  2,  or  else  two  passes  are  required  for  selection. 

Field  Codes — Sortable. — If  selectability  is  not  a  requirement  and 
sortability  is  desired  then  each  different  way  that  a  field  can  be  slotted 
represents  one  choice,  and  the  following  expression  holds  true: 

C  =  (D  +  l)w 

This  is  so  because  one  position  one  hole  deep  gives  two  choices,  slotted 
or  unslotted;  a  position  two  holes  deep  gives  three  choices,  and  so  on. 
This  is  expressed  tabularly  within  reasonable  limits  of  D,  W,  and  C  in 
Table  I. 
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TABLE  I. 
Values  of  C 


Field  Codes — Selectable. — The  number  of  different  ways  of  slotting 
cards  in  a  certain  field  so  that  they  are  selectable  (and  therefore  also 
sortable)  depends  of  course  on  the  width  and  depth  of  the  field,  and 
also  upon  the  value  of  N,  the  number  of  holes  opened  to  the  edge,  and 
the  number  of  needles  used,  K.  Some  thought  will  show  that  for  a 
field  of  certain  size  (D  and  W  constant)  S  can  be  calculated  for  various 
values  of  N ;  and  for  a  certain  N  value,  the  maximum  value  of  S  equals 
the  sum  of  S’s  obtainable  with  each  value  of  K  possible  at  that  N 
value.  An  example  will  help  to  explain  this.  Assume  we  have  a  field 
where  D  =  W  —  3,  and  we  wish  to  use  N  =  3.  Then  when  K  =  1,  one 
of  the  three  rows  is  slotted  three  deep  and  there  are  three  selectable 
possibilities.  When  K  =  2  one  row  is  slotted  two  deep  and  another  only 
one  deep  providing  six  selectable  choices.  Since  two  needles  are  involved 
none  of  the  K  =  1  cards  will  drop.  When  K  =  3  all  three  holes  are 
slotted  one  deep  and  one  choice  exists,  and  since  three  needles  are  used 
this  does  not  conflict  with  any  K  =  1  or  K  —  2  choices.  (See  Fig.  9). 

It  is  possible  then  to  calculate  tables  of  choices  (S  values)  for 
different  values  of  K  and  N  when  D  and  W  are  constant.  Table  II 
gives  these  values  for  D  =  2,  when  W  =  4,  5,  and  6. 
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It  can  be  seen  from  this  table  that  the  maximum  values  of  S  occur 

DW 

when  N  is  as  close  as  possible  to - ,  i.e.,  when  half  the  available 

A 

holes  are  slotted.  Calculations  for  other  D  and  W  values  within  the 
practical  range  confirm  this.  With  this  in  mind  it  is  possible  to  cal- 
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culate  and  construct  a  table  of  maximum  S  values  for  different  values 
of  D  and  W.  Table  III  is  such  a  table.  It  is,  in  other  words,  a  tabula¬ 
tion  of  the  maximum  number  of  data  which  can  be  placed  in  fields  of 
different  types,  no  matter  what  coding  system  is  used,  and  still  meet  the 
requirement  of  selectability. 
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TABLE  III. 
Maximum  Values  of  S 


It  is  interesting  to  note  that  in  the  alphabetic  code  of  Cox,  Casey  and 
Bailey,  in  which  W  =  6  and  D  =  2,  only  30  possibilities  are  utilized, 
whereas  Table  III  gives  a  possible  maximum  of  151  !  By  referring  to 
Table  II  one  can  see  that  they  are  using  all  of  the  possibilities  where 
W  —  6,  D  =  2,  N  =  3,  and  K  =  2.  Even  with  '  N  =  3  only  half  of  the 
possibilities  are  being  utilized,  for  with  K  =  3  thirty  more  are  available. 
It  is  when  N  =  6  that  S  =  151. 

While  it  is  not  difficult  to  calculate  what  the  cards  are  able  to  do 
it  is  a  task  requiring  great  ingenuity  to  devise  a  mnemonic  code  to  take 
advantage  of  their  possibilities.  It  is  of  course  not  necessary  to  use  a 
mnemonic;  all  of  the  slotting  possibilities  could  be  listed  in  a  book  with 
a  meaning  beside  each,  and  this  book  referred  to  during  coding  or  select¬ 
ing.  However,  unless  one  is  extremely  crowded  for  coding  space  on  the 
card  the  work  and  time  saved  by  a  mnemonic  far  more  than  makes  up 
for  the  loss  in  efficiency  of  space  utilization. 

Examples  of  the  type  of  mnemonic  code  that  might  be  used  to  get 
more  from  a  code  where  W  =  6  and  D  =  2  have  been  worked  out  by  the 
author  for  N  =  4,  and  N  =  5.  The  former  of  these  is  suggested  as  a 
simple,  useful  code,  but  the  latter  is  given  purely  as  an  example. 

Mnemonic  Code  for  W  —  6,  D  —  2,  N  =  4  (Fig.  10). —  In  order  to 
code  one  of  the  symbols  of  the  rectangular  code  of  Fig.  10  the  following 
conventions  are  followed : 

a) .  The  column  in  which  the  symbol  appears  is  slotted  deep. 

b) .  The  number  of  spaces  down  the  column  is  indicated  by  imagin¬ 

ing  that  the  five  remaining  unslotted  spaces  are  labelled  7421 
SF,  and  by  slotting  two  shallow  holes  to  give  numbers  from  1 
to  11  not  including  10.  Thus  by  reading  10  for  11,  a  code  10 
deep  and  6  wide  may  be  obtained  which  gives  sixty  selectable 
and  sortable  choices. 

While  it  is  impossible  to  print  7421  SF  on  the  card  for  this  system 


38 


The  Virginia  Journal  of  Science 


[January 


(since  the  location  of  these  symbols  changes  with  that  of  the  deep  punch) 
even  a  person  who  is  unfamiliar  with  punched  cards  quickly  grasps  the 
method  and  after  a  little  practice  finds  the  system  very  simple.  It  may 
be  used  without  actually  printing  the  code  on  the  card  if  it  is  considered 
that  the  position  of  the  deep  punch  gives  the  tens  digits  on  a  field  marked 
5,  4,  3,  2,  1,  0  and  the  two  shallow  punches  give  the  units  digits  on  a 
7421  SF  field  comprised  of  the  remaining  holes.  (See  Fig.  11).  This  is 
so  easy  to  remember  that  printing  the  code  is  really  superfluous. 

This  code  is  simple  and  direct  and  can  be  utilized  with  any  cards 
having  a  double  row  of  holes.  If  still  further  possibilities  are  desired 
in  the  same  field  fifteen  more  can  be  obtained  by  slotting  four  of  the 
six  positions  one  deep.  This  might  be  coded  by  allowing  the  unslotted 
positions  to  indicate  the  symbols  on  a  triangular  field.  (Fig.  12).  Since 
with  this  code  the  unslotted  positions  indicate  the  symbols,  but  selecting 
is  done  by  needling  the  slotted  holes,  the  numbers  or  symbols  would 
appear  in  order  opposite  to  the  usual  one,  as  in  Fig.  12. 

Still  another  fifteen  possibilities  may  be  utilized  by  slotting  two 
positions  two  deep.  The  code  here  might  be  analogous  to  that  described 
immediately  above,  except  that  the  slotted  holes  would  indicate  the 
symbols  and  therefore  the  numbers  would  not  be  reversed. 

All  of  these  three  methods  may  be  used  simultaneously  in  the  field 
described,  and  they  give  the  maximum  number  of  selectable  choices  for 
W  =  6,  D  =  2,  and  N  —  4;  however,  to  gain  simplicity  in  sorting  only 
the  K  =  3  or  at  most  the  K  =  3  plus  K  =  4  systems  might  be  used. 
This  is  because  sorting  can  best  be  accomplished  by  needling  the  top 
row  of  holes  from  right  to  left  in  order  and  placing  the  fallen  cards 
at  the  back  after  each  pass,  then  repeating  this  for  the  deeper  row  of 
holes.  This  puts  the  K  :=  4  cards  ahead  of  the  K=  3  ones,  and  puts 
them  in  order  using  the  codes  shown  in  Figs.  11  and  13,  but  it  mixes 
the  K  =  2  cards  with  the  K  =  3  cards,  thereby  causing  complication 
if  they  (the  K  =  2  cards)  are  used. 

Mnemonic  Code  for  W  —  6,  I)  =  2}  N  —  6. —  While  the  above 
code  is  simple  enough  to  be  useful,  the  example  devised  for  N  =  6  in 
the  same  field  is  one  where  the  code  is  getting  beyond  the  bounds  of 
practicality.  The  greatest  number  of  choices  per  K  value  can  be  obtained 
when  K  —  4,  and  therefore  when  two  deep  and  two  shallow  punches  are 
made.  Symbols  might  then  be  coded  by  use  of  the  following  conventions: 

a) .  With  a  triangular  frame  of  15  spaces  (as  in  Fig.  13)  the  square 

of  the  frame  in  which  the  symbol  lies  is  indicated  by  the  position 
of  the  two  sets  of  holes  slotted  two  deep. 

b) .  The  remaining  four  sets  of  holes  (two  of  which  are  to  be  slotted 

one  deep)  are  considered  to  be  a  4,  2,  1,  SF,  system  by  which 
it  is  possible  to  indicate  any  one  of  six  symbols  in  each  of  the 
squares. 
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This  provides  the  90  choices  predicted  for  K  —  4,  and  still  allows  60 
other  possibilities  when  K  —  3,  5,  and  6. 

General. — It  may  be  seen  from  the  above  discussion  that  while 
Table  III  gives  the  maximum  number  of  selectable  possibilities,  a  prac¬ 
tical  limit  is  imposed  by  the  mnemonic  code  used.  Thus  the  closeness  of 
approach  to  the  maxima  of  Table  III  depends  on  the  capabilities  of 
the  code,  and  on  the  maximum  number  of  needles  and  slots  one  is  willing 
to  use.( 

In  judging  the  efficiency  of  a  code  it  is  useful  to  employ  the  concept 
of  the  number  of  combinations  available  per  needle  used  in  sorting.  This 
was  introduced  by  Wise  and  given  the  notation  Cn,  but  in  the  notation  of 

g 

this  article  it  would  be  —  since  the  C"  values  for  the  entries  in  Table 

K 

II  can  be  obtained  by  merely  dividing  the  numbers  in  the  body  of  the 
table  by  their  corresponding  K  value.  It  can  be  seen  that  for  the  code 
of  Fig.  10,  Cn  =  20.  This  means  that  from  a  mechanical  point  of  view 
this  code  is  better  than  those  where  Cn  is  lower  (e.g..  Fig.  7, 
30 

Cn  = — —  =  15)  and  poorer  than  those  where  Cn  is  higher. 

The  question  then  arises,  which  of  the  several  above  described 
systems  is  best  to  use?  The  writer’s  experience  indicates  that  for  alpha¬ 
betic  and  numerical  fields  the  triangular  codes  of  Figs.  6  and  7  are 
unsurpassed,  except  in  cases  where  a  number  of  mutually  exclusive  data 
are  to  be  coded,  (such  as  the  journals  on  the  card  described  below,) 
or  where  a  finely  dividable  alphabet  is  desired.  Then  the  rectangular 
code  of  Fig.  10  is  probably  best.  This  is  of  course  a  matter  of  opinion, 
and  some  users  even  prefer  single  depth  codes.  It  is  therefore  desirable, 
when  deciding  on  the  code  one  is  going  to  use,  to  examine  all  of  the 
above  described  methods  as  well  as  those  of  Wise,  Mooers,  etc.,  and 
weighing  simplicity  against  efficiency,  pick  the  best  ones  for  the  case  in 
hand. 

Other  basic  changes  in  the  method  of  slotting  cards  may  be  developed 
to  gain  versatility  beyond  that  predicted  above,  such  as  the  use  of  slanted 
slots,  where  the  degree  of  slant  determines  the  hole’s  meaning.  Such 
changes  however  are  difficult  to  foresee. 

CARDS  FOR  BIBLIOGRAPHY  OF  ANALYTICAL  CHEMISTRY 

Types  of  Data. — In  analytical  chemistry  the  written  portion  of  the 
cards  should  generally  contain  the  following  information: 

Author’s  name(s)  —Last  name  and  all  initials 

Journal  of  Publication — Full  name  or  authorized  abbreviation 

Date — Volume,  page,  month,  year,  and  any  other  necessary  sub¬ 
division 

Title  of  article 


40 


The  Virginia  Journal  of  Science 


[January 


Element  or  material  for  which  analysis  is  being  made 

Material  which  is  being  analysed — Form,  source 

Method  of  analysis — Reagents,  apparatus,  technique 

Results  of  analysis 

Range  over  which  method  is  applicable — Sensitivity  and  upper  limit 

Precision  and  accuracy  of  method 

A  fuller  discussion  of  the  classification  of  this  material  has  been 
given  by  Patterson  and  Mellon10  and  anyone  devising  a  code  is  well 
advised  to  refer  to  their  work  as  well  as  the  index  entries  of  Chemical 
Abstracts  and  other  reference  works. 

The  following  table  indicates  the  desirability  of  coding  each  of 
these  classes  of  information,  (or  the  usefulness  of  the  coded  information) 
and  the  type  of  code  required. 

It  is  obvious  that  field  type  of  code  can  be  used  only  where  data 
are  mutually  exclusive,  that  is,  it  could  not  be  used  for  elements  sought, 
since  more  than  one  element  might  be  sought,  but  it  could  be  used  for 
journals,  since  a  reference  is  to  one  journal  per  card. 

With  these  factors  in  mind  a  card  has  been  designed  for  use  in  the 
literature  searching,  abstracting,  and  indexing  that  is  carried  on  in  the 
Pratt  Trace  Analysis  Laboratory,  and  has,  it  is  hoped,  been  kept  general 
enough  in  its  design  that  it  may  be  used  by  any  laboratory  or  individual 
in  analytical  chemistry.  It  has  been  made  by  the  Charles  R.  Hadley 
Company  on  cards  4  inches  by  6  inches,  a  standard  filing  card  size, 
using  a  substantial  card  material  (ecru  Index  Bristol)  punched  with  a 
double  row  of  holes  all  around,  and  printed  as  shown  in  the  photograph. 

The  following  is  a  description  of  the  coding  system  and  methods 
used  with  this  card  at  the  Pratt  Laboratory  in  a  file  which  is  predomi¬ 
nantly  concerned  with  the  determination  of  minute  traces  of  elements 
by  colorimetric  or  spectrographic  methods. 

Author's  Name. — The  left  hand  edge  of  the  card  has  three  fields 
for  coding  the  first  three  letters  of  the  senior  author’s  name.  The  first 
and  second  field  are  exactly  as  described  by  Cox  et  al.  and  utilize  a  6- 
position  triangular  code  for  the  first  letter  and  a  3-position  abbreviated 
code  for  the  second.  The  code  for  the  third  letter  his  been  abbreviated 
slightly  to  make  it  fit  a  5-position  field.  Slotting,  sorting,  and  selecting 
are  done  as  described  on  page  7. 

Date. — The  first  two  fields  at  the  left  side  of  the  top  of  the  card 
are  4-position  triangular  numerical  codes  and  are  used  to  record  the  year 
of  publication.  Only  the  last  two  digits  of  the  year  are  used;  if  a  century 
other  than  the  twentieth  is  involved  the  position  immediately  to  the  left 
of  the  year  fields  is  slotted  shallow. 

Journal. — The  journal  in  which  the  article  appears  is  coded  in  the 
triangular  numerical  field  at  the  lower  right  hand  edge  of  the  card.  Each 
journal  (or  small  group  of  journals)  is  assigned  a  number  as  follows: 
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TABLE  IV. 


Information  to  he 
Coded 

Desirability  of  Coding 
or  Usefulness  When 

Type  of  Code  Required 

Coded 

Sortable 

Selectable 

Enough  letters  of  au¬ 
thor’s  name  to  ensure 
good  sorting  and  rea¬ 
sonably  small  dupli¬ 
cation  on  selection 

Highest 

Required 

Required 

Author’s  initials 

Not  very  useful 

Required 

Required 

Junior  authors 

Not  very  useful 

Required 

Required 

Complete  identifica¬ 
tion  of  journal  (for 
at  least  all  promin¬ 
ent  journals) 

Very  high 

Not  necessary 
but  useful 

Required 

Year  of  publication 

Very  high 

Required 

Required 

Volume,  page, 
month,  etc. 

Very  low 

Element  sought 

High 

Required 

Material  analyzed 

Fairly  high 

Required 

Method  of  analysis 

High 

Required 

Reagents 

High  for  some  types 
of  methods 

Not  necessary 
but  useful 

Required 

Apparatus 

Low 

Results 

Very  low  generally 

Required 

Range  over  which 
method  applies 

Required 

Precision  and  ac¬ 
curacy 

Low 

Required 

0)  Analytical  Chemistry,  formerly  Ind.  Eng.  Chem.,  Anal.  Ed. 

1 )  Analyst 

2)  Zeitschrift  fur  Analytische  Chemie 

3)  Journal  Assoc.  Official  Agri.  Chem. 

4)  Journal  of  the  American  Chemical  Society 

5)  Journal  of  the  Society  of  Chemical  Industry,  Chemistry  and 
Industry,  and  Journal  of  the  Chemical  Society 
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Figure  14 
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AUTHOR 

41*1949X9^  Yoe,  J.  H.  and  A.  B.  Armstrong 

^ "  REFERENCE 

SUBJECT  Anal.Chem.  19,  100-2  (1947) 

uolorimetric  determination  oT  titanium  with  disodium- 
abstract  1 , 2-di  hy  d  roxyben  zen  e-  3 , 5-di  sul  i  on  a  te . 

"he  reagent  used  by  Yoe  and  Jones  [C.A.  ?j3,692]  for  Fe  can 
used  to  detect  0.01  p.p.m.  Ti+4  when  a  50-ml.Nessler 
Niube  is  used.  Interference  by  Fe+3  can  be  prevented  by 
reducing  it  to  Fe+2  with  Na2S204  in  solns.  buffered  at 
pH  4.7.  The  absorbancy  caused  by  the  blue  Fe+3  complex 
can  be  measured  spectrophotometrically  at  560  mu  and  that 


6)  Spectrochimica  Acta 

7)  Journal  of  the  Optical  Society  of  America 

8)  Mikrochemie  and  Mikrochimica  Acta 

9)  Journal  of  Research  of  the  National  Bureau  of  Standards 

10)  Nature.,  Soil  Science,  and  horticultural  journals  in  general 

11)  Journal  of  Industrial  Hygiene  and  Toxicology,  Biochemical 
Journal,  Journal  of  Biology,  and  biological  journals  in  general 

12)  Angewandte  Chemie 

13)  Comptes  rendus 

14)  Bulletin  de  la  societe  chimique  de  France  and  Bulletin  de  la 
societe  chimique  Beiges 

15)  Russian  journals 

16)  Japanese  journals 

17)  Austrialian  and  New  Zealand  journals 

18)  Analytica  Chimica  Acta  and  Annales  de  Chimie  Analytique 

19)  Miscellaneous 

Elements  Sought. — The  right  hand  portion  of  the  upper  edge  of  the 
card  with  holes  numbered  from  1-24,  is  used  for  a  direct  coding  of 
elements,  the  following  elements  being  given  the  numbers  shown  by 
symbol: 

1  As  3  Bi  5  Cl  7  Cr  9  Fe  11  Mg  13  Ni  15  Sb  17  Ti  19  V  21  U  23  Others 

2  A1  4  B  6  Ca  8  Co  10  Cu  12  Mn  14  Mo  16  Pb  18  Sn  20  W  22  Zn  24 
No  Element 
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In  order  to  code  an  element  a  slot  is  made  down  to  the  hole  whose 
number  corresponds  to  that  element,  whether  it  be  shallow  or  deep. 

Analytical  Method. — The  same  direct  method  of  coding  is  used  for 
the  analytical  method  involved  using  the  upper  portion  of  the  right  hand 
edge  of  the  card  (holes  numbered  25-40).  The  methods  are  assigned  to 
the  following  holes : 

25  Flame  photometry 

26  Spectrography 

27  Electrometry  other  than  Polarography 

28  Polarography 

29  Solvent  extraction 

30  Distillation 

31  Trace  gathering  by  co-precipitation,  organic  reagents,  etc. 

32  Ashing  and  Combustion 

33  Gravimetry 

34  Radioactivity 

35  Ion  Exchange 

36  Chromatography 

37  Treatment  of  data 

38  Volumetry 

39  Nephelometry,  Turbidimetry,  or  Fluorometry 

40  Colorimetry 

Material  Analysed.— Along  the  bottom  edge  of  the  card,  in  holes 
numbered  41-54,  and  62  the  material  being  analysed,  and  some  other 
general  information  is  coded,  as  follows: 


41  Foods  and  Nutritional  Work 
43  Photographic  and  Densitometric 
Work1 

Qualitative  or  Spot  Tests2 
45  Excitation  Sources1 

Visual  Quantitative  Tests2 
47  Spectrograph  Design1 
Instrumental  Methods2 
Amperometric  Titration8 
49  Electrodes1 

Mercury  Electrodes3 
51  Sample  Preparation1 
Solid  Micro-electrode3 
53  Compounds — Organic 
55 
57 
59 
61 

The  remaining  positions  and  fi 
able  for  future  needs,  as  yet  unfor< 


42  Metals 
44  Solutions 


46  Minerals  and  Soils 
48  Biological  Fluids 

50  Animal  Tissue 

52  Plant  Tissues 

54  Compounds — Inorganic 
56 
58 
60 

62  Punched  cards 

dds  are  not  yet  in  use  and  are  avail- 
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In  either  of  the  direct  codes,  that  is,  for  methods  or  elements,  it  is 
possible  to  select  all  of  the  cards  of  one  group  by  one  of  two  methods. 
If  the  method  or  element  is  assigned  a  hole  in  the  back  row,  then  passing 
a  needle  through  this  hole  and  lifting  will  drop  out  all  cards  of  this  group. 
If  the  method  or  element  has  been  assigned  a  hole  in  the  front  row, 
passing  a  needle  through  its  hole  will  drop  out  cards  of  that  group  plus 
those  corresponding  to  the  hole  behind  it  and  these  two  groups  must  then 
be  separated  by  needling  the  back  holes.  Although  this  is  not  a  direct 
code  in  its  truest  form  it  is  a  method  of  coding  the  important  data  in  a 
true  direct  code  comprised  of  the  deep  holes,  and  then  coding  less  im¬ 
portant  divisions  in  the  shallow  holes  where  they  are  slightly  harder  to 
reach  and  may  sometimes  be  masked  by  a.  deep  slot.  If  a  mutually 
exclusive  pair  of  data  can  be  coded  in  each  position  the  code  is  better, 
as  the  masking,  resulting  from  the  requirement  for  slotting  one  position 
both  shallow  and  deep  on  one  card,  cannot  occur. 

General. — On  the  face  of  the  card  is  indicated  the  position  for 
typing  or  writing  the  author’s  name,  the  location  of  the  reference,  the 
subject  or  title  of  the  article,  its  Chemical  Abstracts  number,  and  an 
abstract  of  it.  Since  the  codes  are  in  brown  ink  it  has  been  found  that 
typing  or  writing  over  them  is  quite  legible  and  does  not  interfere  with 
their  use;  however  enough  room  is  available  on  the  front  and  back  of  the 
card  that  this  is  seldom  necessary. 

Fig.  14  shows  one  of  the  cards  with  data  on  it,  and  Fig.  15  shows 
a  “key”card,  with  all  of  the  information  necessary  for  coding  written 
on  its  face.  Several  of  these  key  cards  are  kept  with  the  file  as  a  handy 
reference  when  coding. 

The  journals,  elements,  methods,  and  other  categories  listed  above 
are  those  found  to  be  important  to  the  Pratt  Trace  Analysis  Laboratory. 
Another  laboratory  might,  of  course,  make  a  list  quite  different  in  its 
emphasis,  reflecting  the  interests  of  the  user.  Since  all  the  space  on  the 
card  except  the  author  and  year  codes  can  easily  be  adapted  to  almost 
any  desired  field  of  research,  and  since  these  two  are  generally  necessary 
anyway,  it  is  felt  that  this  particular  card  may  be  found  useful  by  other 
laboratories,  especially  in  analytical  chemistry.  They  may  be  purchased 
at  a  very  reasonable  price  from  The  Charles  R.  Pladley  Company. 

Future^  of  such  a  System. — In  the  year  and  a  half  that  this  system 
has  been  used  the  file  has  shown  a  constant  growth  and  with  this  growth 
it  has  become  more  and  more  useful.  It  is  hoped  that  in  time  it  will  cover 
our  field  of  chemistry  as  exhaustively  as  could  a  bibliography  and  through 
its  extremely  fast  reference  possibilities  will  provide  an  immense  saving 
of  time  to  the  succeeding  generations  of  students  and  researchers  who 
pass  through  a  laboratory  of  this  type. 

1.  These  designations  apply  only  when  holes  No.  25  or  26  are  slotted 
(Spectrographic  or  Flame  Photometric) 

2.  These  designations  hold  only  when  hole  No.  40  is  slotted  (Colorimetric) 

3.  These  designations  hold  only  when  hole  No.  28  is  slotted  (Polarographic) 
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Figure  15 
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ACIDITY-ALKALINITY  IN  THE 
ALIMENTARY  CANAL  OF 
TWENTY  INSECT 
SPECIES 


J.  M.  Grayson,  Virginia  Agricultural  Experiment  Station 
INTRODUCTION 


The  importance  of  pH  as  a  factor  affecting  the  entrance  of  toxic 
substances  into  the  tissues  or  body  fluids  of  insects  from  the  various 
digestive  organs  has  been  discussed  in  some  detail  by  Hoskins  (1940,  p. 
338)  and  pointed  out  by  Waterhouse  (1940,  p.  8).  Admittedly,  most  of 
the  newer  chemical  insecticides  are  unaffected  by  the  pH  of  the  liquid 
in  which  they  occur;  but  with  many  of  the  older  insecticides,  such  as  the 
arsenicals  and  nicotine  compounds,  their  solubility  is  closely  correlated 
with  pH.  Inasmuch  as  the  stomach,  or  midgut,  is  the  region  of  the  insect 
digestive  tract  in  which  secretion  of  digestive  juices  and  absorption  of 
food  products  is  thought  usually  to  occur,  the  acidity-alkalinity  of  this 
region  should  be  of  special  interest  in  toxicological  work  with  stomach 
poison  types  of  chemical  insecticides. 

Reported  here  are  results  of  the  preliminary  phase  of  a  study  de¬ 
signed  to  determine  whether  there  is  a  positive  correlation  between  the 
toxicity  of  certain  stomach  poison  insecticides  and  their  solubilities  at 
the  pH  existing  in  the  insect  midgut.  For  example,  a  poison  showing 
maximum  solubility  at  pH  9.0  would  be  expected  to  be  more  toxic  to 
those  insects  having  a  strongly  alkaline  reaction  in  the  midgut  than  to 
those  in  which  the  midgut  reaction  was  acid.  If  any  consistent  relation¬ 
ship,  either  negative  or  positive,  could  be  established  between  the  theoreti¬ 
cal  and  actual  toxicities  of  certain  stomach  poison  insecticides,  then  could 
not  this  knowledge  be  applied  in  a  scientific  approach  towards  finding 
new  chemicals  of  insecticidal  value? 

The  desirability  of  having  exact,  detailed  data  on  the  acidity- 
alkalinity  occurring  in  the  various  regions  of  the  insect  digestive  tract, 
especially  the  stomach,  before  beginning  a  toxicity  study  of  this  kind 
should  be  readily  apparent.  Although  considerable  data  have  been  pub¬ 
lished  on  the  pH  of  the  insect  digestive  tract,  in  most  cases  single  de¬ 
terminations  were  made  on  the  contents  of  whole  regions,  and  often  the 
data  were  of  uncertain  reliability  because  of  the  use  of  faulty  techniques. 
The  purposes  of  this  study  w^ere  to  obtain  detailed  information  on  the 
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pH  in  the  various  regions  of  the  insect  alimentary  canal;  to  employ  a 
glass-electrode  technique  for  the  determination  of  such  values;  and  to 
obtain  pH  data  on  species  of  insects  which  have  not  been  studied  pre¬ 
viously. 

REVIEW  OF  LITERATURE 

The  published  information  on  digestive  tract  reactions  in  insects 
of  the  orders  Orthoptera,  Lepidoptera,  and  Hymenoptera,  are  briefly 
summarized  in  Table  1.  Unrecorded  are  the  following  results  reported 
by  Semans  (1941)  for  the  anterior  end  of  the  midgut  in  four  families 
of  Orthoptera:  Acrididee,  pH  6.0;  Gryllacridae,  pH  5.9;  Tettigonidae, 
pH  5.6;  and  Gryllidae,  pH  5.6.  Of  particular  interest  in  the  Lepidoptera 
are  the  brilliant  experiments  of  Lnderstrom-Lang  and  Duspiva  (1935) 
in  which  it  was  clearly  shown  that  the  digestion  of  keratin  in  the  clothes 
moth  larva  is  made  possible  by  the  presence  of  an  extremely  active  pro¬ 
teinase,  and  a  reducing  agent,  and  a  pH  of  10.0  or  higher. 

The  most  acid  reaction  yet  reported  for  the  insect  digestive  tract 
was  found  in  the  mid-stomach  of  certain  species  of  Diptera.  Hobson 
(1931)  obtained  the  following  pH  values  in  Lucilia  sericata :  crop,  7.0 
to  7.7;  fore-stomach,  6.5  to  7.5;  mid-stomach,  3.0  to  3.5;  hind-stomach, 
7.5  to  8.3;  and  hindgut,  8.0  to  8.5.  Similar  results  were  obtained  by 
Waterhouse  (1940)  for  nine  other  species  of  Diptera  belonging  to  the 
genera  Lucilia,  Calliphora,  Chrysomyia,  and  Musca.  It  is  true  that 
Randall  and  Doodv  (1934)  have  reported  a  pH  of  3.0  for  the  junction 
of  the  stomach  and  hindgut  of  Zootermopis  angusticollis  (Isoptera), 
but  the  validity  of  this  value  is  open  to  question.  Conversely,  other 
species  of  flies  apparently  have  no  such  acid  reaction  in  any  section  of  the 
digestive  tract.  Values  of  pH  ranging  from  6.0  to  7.2  for  the  crop,  6.6  to 
8.2  for  the  midgut,  and  6.2  to  8.0  for  the  hindgut  have  been  found  in 
Psychoda  and  Chironomus  (Crozier,  1924),  in  Glossina  (Wiggles worth, 
1929),  in  Hypoderma  lineatum  (Simmons,  1939),  and  in  seven  species 
of  mosquitoes  (Senior-White,  1926). 

The  remaining  data,  relative  to  insect  digestive  tract  reactions,  are 
rather  meager  and  pertain  to  a  number  of  insect  orders.  Values  of  pH 
for  25  species  of  Coleoptera  have  been  reported  by  Swingle  (1930  and 
1931a),  Kruger  (1933),  and  Staudenmayer  and  Stellwaag  (1940);  three 
species  of  Hemiptera  by  Swingle  (1931a);  two  species  of  Odonata  bv 
Swingle  (1931a)  and  Kruger  (1933);  two  species  of  Tricoptera  by 
Kruger  (1933);  and  a  single  species  of  Neuroptera  by  Swingle  (1931a). 
Additional  observations  have  been  reported  by  Popow  andGolzowa 
(1933)  for  two  species  of  mosquitoes,  a  bed  bug,  a  tick,  and  the  human 
body  louse. 
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Method 

The  insect  specimens  were  collected  in  their  natural  habitat,  brought 
to  the  laboratory,  and  pH  determinations  made  as  soon  thereafter  as  was 
possible.  They  were  placed  in  cages  and  provided  with  food  if  determina¬ 
tions  could  not  be  made  within  a  few  hours  after  collection.  Each  insect 
was  dissected  by  clipping  off  any  large  appendages  such  as  legs  and 
wings,  exposing  the  entire  body  cavity  by  a  longitudinal  incision  through 
the  dorsal  integument,  and  removing  any  tissues  preventing  quick  access 
to  the.  alimentary  canal.  Mixing  of  gut  contents  was  prevented  by  either 
tying  a  silk  thread  tightly  around  the  insect  gut  at  appropriate  places,  or 
clamping  the  gut  with  tweezers.  In  obtaining  a  sample,  a  small  incision 
of  the  gut  wall  was  made  with  an  insect  pin  or  pointed  glass  rod,  and 
the  whole  gut  contents  withdrawn  by  means  of  a  micro-pipette  and  fine- 
pointed  tweezers.  Usually  the  samples  obtained  were  moist  enough  to 
insure  electrical  conductivity,  but  sometimes  it  was  necessary  to  add  a 
trace  of  distilled  water.  This  was  done  by  first  injecting  the  water  into 
the  insect  gut  at  the  desired  point  and  then  withdrawing  it  for  addition 
to  the  sample.  Complete  determinations  were  made  on  each  insect  in 
those  cases  where  satisfactory  dissections  were  made  and  no  delay  in 
time  occurred.  Doubtful  pH  readings  arising  from  such  causes  as  too 
small  a  sample,  eruption  of  the  gut  wall  during  dissection,  or  undue  delay 
in  completing  the  readings,  were  discarded. 

In  most  cases  the  insect  specimens  selected  for  study  were  those 
containing  considerable  food  in  the  digestive  tract.  Thus  larger  samples 
were  available,  and  the  condition  of  the  digestive  tract  was  considered 
as  perhaps  being  comparable  to  that  following  ingestion  of  poisons  with 
a  normal  diet. 

The  actual  pH  determinations  were  made  with  a  Model  G  Beckman 
pH  meter  in  combination  with  a  calomel  electrode  and  a  one-drop,  open 
glass  electrode.  Apparently  there  is  only  one  reference  in  the  literature 
(Duspiva,  1936)  to  the  use  of  the  glass  electrode  for  determination  of 
insect  digestive  tract  pH,  although  this  device  has  been  used  for  pH 
determination  of  insect  body  fluids  by  Taylor  and  Birnie  (1933),  Taylor 
et  al  (1934),  and  Craig  and  Clark  (1938).  Duspiva  (1936)  has  shown 
that  small  samples  of  high  alkalinity  may  be  affected  from  contact  with 
carbon  dioxide  of  the  air,  but  the  writer  has  found  that  high  alkaline 
samples  of  the  type  obtained  in  this  study  are  unchanged  after  exposure 
to  air  for  as  long  as  five  minutes. 

Results 

Table  2  lists  the  pH  values  obtained  in  the  various  regions  of  the 
alimentary  canal  of  eight  caterpillar  species  and  one  species  of  sawfiy 
larva.  All  of  the  Lepidoptera  larvae  were  feeding  on  plant  leaves  at  the 
time  of  collection,  except  the  corn  earworm  which  was  feeding  on  the 
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kernels  of  developing  corn.  The  sawfly  larvae  were  feeding  on  the  leaves 
of  dogwood.  From  10  to  18  individual  readings  were  made  for  each 
region  of  the  digestive  tract  in  the  case  of  all  species  except  the  larvae 
of  Datana  angusii  where  each  average  figure  was  obtained  from  only  8 
to  9  individual  pH  readings.  The  general  average  pH  values  obtained 
for  the  eight  Lepidoptera  species  were:  fore-stom?ch,  8.4;  mid-stomach, 
8.5;  hind-stomach,  7.7;  and  rectum,  6.3  (Figure  1). 

The  pH  values  obtained  in  the  various  regions  of  the  alimentary 
canal  of  ten  species  of  adult  grasshoppers  and  the  adult  stage  of  the 
American  cockroach  are  shrown  in  Table  3.  The  grasshoppers  were  col¬ 
lected  from  their  normal  habitats  and  presumably  had  been  feeding  on 
grasses,  clovers,  sedges,  or  other  similar  plants.  The  American  cock¬ 
roaches  were  taken  from  a  laboratory  stock  culture  in  which  the  food 
provided  wras  dried  dog  biscuits,  lettuce  leaves,  and  water.  Separate 
determinations  were  made  on  males  and  females  in  the  case  of  four 
grasshopper  species.  Most  average  figures  shown  in  Table  3  were  de¬ 
termined  from  approximately  10  or  more  individual  pH  readings  each; 
however,  only  4  or  5  readings  were  obtained  for  each  digestive  tract 
region  in  the  case  of  Melanoplus  bivittatus.  Readings  on  saliva  were 
made  from  the  liquid  emitted  from  the  mouth,  which  probably  consisted 
of  the  secretions  of  the  salivary  glands  plus  regurgitated  liquids  from  the 
crop.  The  general  average  pH  values  obtained  for  the  ten  grasshopper 
species  were:  saliva,  5.5;  crop,  5.6;  fore-stomach,  6.4;  hind-stomach, 
6.7;  intestine,  6.7;  and  rectum,  6.2  (Figure  1). 

The  approximate  locations  in  the  different  insect  digestive  tracts 
from  which  the  samples  were  taken  are  indicated  on  the  sketches  shown 
in  Figure  2. 

Discussion 

The  one-drop  glass  electrode  was  found  to  be  very  satisfactory  for 
measurement  of  insect  digestive  tract  pH  when  samples  of  approxi¬ 
mately  0.5  drop  or  larger  were  available.  Rather  rapid  readings  can  be 
made  with  the  aid  of  an  assistant  to  dissect  the  insect  specimens. 

The  acidity-alkalinity  found  in  the  digestive  tract  of  adult  grass¬ 
hoppers  as  reported  here  is  in  fair  agreement  with  the  results  reported 
by  Bodine  (1925)  but  somewhat  at  variance  with  those  of  Swingle 
(1931a).  Critical  comparison  in  either  case  is  difficult  because  each 
author  made  only  one  reading  for  entire  midgut  and  hindgut  regions. 
Inasmuch  as  the  results  reported  by  Bodine  are  really  pH  values  of  the 
grasshopper  gut  wall,  rather  than  gut  contents,  it  is  perhaps  surprising 
that  his  data  would  agree  so  closely  with  those  presented  here.  This 
would  indicate  that  the  ingestion  of  food  has  little  effect  on  the  acidity- 
alkalinity  of  the  grasshopper  digestive  tract. 

The  pH  values  obtained  in  this  study  for  the  digestive  tract  of  the 
American  cockroach  are  similar  to  those  reported  by  Wigglesworth 
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Table  2. — Values  of  pH  obtained  in  the  alimentary  canal  of  eight 
species  of  caterpillars  (Lepidoptera)  and  one  species  of  sawfly  (Hymen- 
optera). 


_ Stomach _ 

Species  Crop  Fore  Mid  Hind  Rectum 


(Lepidoptera) 

Ceratomia  catalpae  . Range  —  8. 5-9. 8  8.6-10.1  7.0-8.7  5. 6-6.7 

(Bdvl.)  . . . . Avg.  —  9.0  9.3  7.8  6.1 

Protoparce  . . . Range  —  8.3-10.1  8.4-9. 9  7.3-8.6  6.5-7.3 

quinquemaculata 

(Haw.)  . . . . . Avg.  —  9.3  9.2  7.8  6.8 

Anisota  senatoria  . Rnage  —  8.4-9.6  8. 1-9.9  7.2-8.2  5. 5-6. 7 

(A.  &  S.)  . - . . Avg.  —  9.0  9.1  7.8  6.0 

Hyhantria  cunea  . Range  —  7. 6-8. 6  7. 6-8.5  7. 0-8.5  5. 5-7. 3 

(Drury)  . . . . . Avg.  —  8,1  8.0  7.7  6.1 

Datana  angusii  . Range  —  7. 9-8.8  8.8-9. 6  7. 8-8.8  - 

G.  &  R . . . Avg.  —  8  .5  9  .0  8  .3 

Archips  jervidana  . Range  —  7.5-9. 9  7.5-9. 3  7. 2-8.3  - 

(Clem.)  . Avg,  —  8.3  7.9  7.8  _ 

Heliothis  armigera  . Range  —  7. 1-9.1  7. 0-9.4  6. 6-7.8  5.8-7.5 

(Hbn.)  . . Avg.  —  7.8  8.0  7.2  6.6 

Pieris  rapae  . Range  •—  6. 8-7. 7  6. 9-8.1  6.4-7.9  6. 7-7. 8 

(L.)  . . | . ......Avg.  —  7.3  7.6  7.4  7.2* 


(Hymenoptera) 

Macremphythus 

varianus  . Rge.  5. 1-5.9  6.3-7. 2  6. 3-7.7  5.7-6.4 

(Nort.)  . I . . . Avg.  5.5  6.6  7.1  6.1 


*  Determinations  made  on  freshly  voided  faeces  rather  than  rectal  contents. 

(1927)  and  Day  and  Powning  (1949)  for  the  German  and  American 
cockroaches.  It  is  of  interest  that  they  found  the  cockroaches  to  have  a 
pH  of  6.0  to  6.3  in  the  crop  after  being  fed  on  a  strictly  protein  diet 
but  a  pH  of  4.5  to  4.8  after  they  had  fed  on  a  carbohydrate  diet. 

Apparently  only  two  of  the  Lepidoptera  species  reported  in  this 
study  have  been  included  in  previous  work  on  digestive  tract  aciditv- 
alkalinity.  The  pH  values  obtained  by  Swingle  (1931a)  for  the  storm  oh 
contents  of  the  catalpa  sphinx  and  the  corn  earworm  agree  rather  closely 
with  those  reported  here.  Also,  the  reaction  obtained  in  the  gut  of  Pieris 
brassicae  by  Staudenmayer  and  Stellwaag  (1940)  is  in  fair  agreement 
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Figure  i. — Average  pH  values  for  eight  caterpillar  species  (A),  a  sawflv  larva  (B),  adults  of  ten  grasshop}: 
species  (C)_,  and  adults  of  the  American  cockroach  (D). 
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Figure  2. — Sketches  of  the  alimentary  canals  of  grasshopper  (A), 
caterpillar  (B),  cockroach  (C),  and  sawfly  larva  (D)  showing  lo¬ 
cations  from  which  samples  were  taken. 


with  that  reported  here  for  the  mid-stomach  of  Pieris  rapae.  The  species 
of  caterpillars  included  in  this  study  showed  variations  in  individual 
readings  ranging  from  0.8  to  over  2.0  pH  units  for  each  digestive  tract 
region;  thus  it  is  evident  that  some  selection  of  specimens  would  be 
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necessary  if  extremely  high  average  pH  values  are  to  be  obtained. 

The  results  presented  here  on  a  sawfly  larva  are  apparently  the  only 
published  data  on  acidity-alkalinity  in  the  digestive  tract  of  phyto¬ 
phagous  Hymenoptera.  The  pH  values  obtained,  however,  are  in  general 
agreement  with  those  previously  recorded  for  the  honey  bee  (Hoskins 
and  Harrison,  1934)  and  four  other  species  of  hvmenopterous  insects 
(Swingle,  1931a). 

Attempts  have  been  made  to  correlate  alimentary  canal  pH  values 
between  different  insect  species  from  the  standpoint  of  taxonomic  rela¬ 
tionship  or  type  of  food  consumed.  There  are  considerable  data  to  sup¬ 
port  either  of  these  theories,  although  exceptions  to  both  exist.  That  the 
type  of  food  ingested  can  affect  the  pH  of  the  crop  and  fore-stomach 
has  been  shown  by  the  work  of  Hobson  (1931)  on  Lucilia  larvae  and 
that  of  Wigglesworth  (1927)  and  Day  and  Powning  (1949)  on  the 
German  and  American  cockroaches.  Apparently  the  stomach  reaction  of 
most  insects  is  largely  unaffected  by  the  type  of  food  consumed.  Per¬ 
haps  this  is  attributable  to  the  buffering  capacity  of  the  various  stomach 
secretions;  at  least  strong  buffering  capacity  has  been  shown  in  the  Jap¬ 
anese  beetle  grub  (Swingle,  1931b)  and  the  honey  bee  (Hoskins  and 
Harrison.  1934).  On  the  other  hand,  it  seems  that  the  hindgut  of  phyto¬ 
phagous  insects  is  more  acid  than  the  stomach,  while  the  reverse  is  true 
in  carnivorous  or  omnivorous  insects.  Those  insects  feeding  on  a  predom¬ 
inately  carbohydrate  diet,  such  as  the  honey  bee,  apparently  are  similar 
in  this  respect  to  phytophagous  feeders.  This  reaction  in  the  hindgut  has 
a  plausible  explanation  in  the  decomposition  of  different  foods  and  in  the 
functioning  of  the  insect  malpighian  tubules.  The  acidity  of  the  hindgut 
in Psychoda  andChironomns  was  attributed  by  Crozier  (1924)  to  a  dis¬ 
charge  of  the  malpighian  tubules,  and  the  high  alkalinity  of  the  hindgut 
in  Lucilia  was  explain  by  Hobson  (1931)  as  being  caused  by  ammonia 
secretion.  Kocian  and  Spacek  (1934)  have  shown  that  the  hemolvmph  of 
phytophagous  beetles  is  more  acid  than  that  of  flesh  feeders. 
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SUMMARY 

Data  are  presented  on  the  pH  values  obtained  in  the  various  regions 
of  the  digestive  tract  of  twenty  insect  species  representing  three  orders 
of  insects.  All  measurements  of  pH  were  made  electrometrically  by  means 
of  a  one-drop  glass  electrode,  with  appropriate  accessory  attachments,  in 
combination  with  a  Model  G  Beckman  pH  meter.  Insect  specimens  with 
considerable  food  in  the  digestive  tract  were  selected  for  study,  and  the 
samples  consisted  of  whole  gut  contents.  The  techniques  employed  in 
obtaining  the  insect  specimens,  preparing  them  for  withdrawal  of 
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samples,  and  removing  the  samples  are  described. 

The  average  pH  values  obtained  for  ten  species  of  adult  grasshop¬ 
pers  (Orthoptera)  were:  fluid  emitted  from  the  mouth,  5.5;  crop,  5.6; 
fore-stomach,  6.4;  hind-stomach,  6.7;  intestine,  6.7;  and  rectum,  6.2. 
Similar  values  for  the  adults  of  the  American  cockroach  (Orthoptera) 
were:  crop,  5.2;  fore-stomach,  6.0;  hind-stomach,  6.2;  intestine,  6.9;  and 
freshly  voided  faeces,  7.5. 

The  average  pH  values  obtained  for  eight  species  of  caterpillars 
(Lepidoptera)  were:  fore-stomach,  8.4;  mid-stomach,  8.5;  hind-stomach. 
7.7;  and  rectum,  6.3 

The  pH  values  obtained  on  a  single  species  of  sawfly  larva  (Hy- 
menoptera)  were:  crop,  5.5;  fore-stomach,  6.6;  hind-stomach,  7.1;  and 
rectum,  6.1. 

These  data  are  critically  compared  with  pertinent  existing  informa¬ 
tion  on  insect  alimentary  canal  pH ;  and  the  possible  relationships  in  di¬ 
gestive  tract  reaction  between  different  insect  species  are  discussed. 
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ADDITIONAL  NOTES  ON  VIRGINIA  PLANTS  NOT 
PREVIOUSLY  REPORTED  FROM  MASSANUTTEN 
MOUNTAIN  AREA 
Quercus  imbricaria  Michx. 

Left  bank  of  South  River  near  Grottoes,  Rockingham  County, 
Virginia,  June  8,  1949. 

This  oak  grows  along  the  river  bank  and  in  adjoining  fields  for  a 
distance  of  about  two  miles  to  Port  Republic,  Virginia.  One  large  tree  is 
on  Grand  Caverns  grounds  near  Grottoes,  Virginia.  I  have  known  it  in 
this  area  since  1915. 

Talinum  teretifolium  Pursh. 

In  old  roadbed  on  red  standstone  near  top  of  Massanutten  Moun¬ 
tain,  Page  County,  Virginia,  south  of  Highway  211,  July  3,  1948.  Found 
at  an  earlier  date  in  this  area  by  Col.  R.  P.  Carroll,  V.M.I. 

Viola  conspersa  Reichenb. 

Rich,  moist  woods  along  Mine  Run  near  Boyer  Furnace,  Powell’s 
Fort,  Shenandoah  County,  Virginia. 

Chaemadaphne  calyculata  (L.)  Moench 

Roadside  near  swamp  on  top  of  Massanutten  Mountain  near  High¬ 
way  211,  Page  County,  Virginia,  July  27,  1949. 

Collected  earlier  in  the  season  from  this  area  by  Col.  R.  P.  Carroll. 
V.M.I. 


(Continued  on  Page  61) 
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MESODON  ANDREWSAE  NORMALIS 
(Pils.)  IN  VIRGINIA 

(Pulmonata,  Polygyridae) 

Paul  R.  Burch,  Radford  College 
Leslie  Hubriciit,  912  Main  St.,  Danville,  Virginia 

Mesodon  andrewsae  normalis  (Pils.)  one  of  the  largest  land-snails 
in  eastern  North  America,  is  common  in  parts  of  western  Virginia  al¬ 
though  H.  A.  Pilsbry  in  his  “Land  Mollusca  of  North  America”  does  not 
record  it  from  a  single  locality.  The  authors  during  the  past  fourteen 
years  have  found  it  in  nine  counties.  It  was  first  taken  in  1936  on  the 
grounds  of  the  Mountain  Lake  Biological  Station  of  the  University  of 
Virginia  at  an  elevation  of  4,000  feet,  identified  by  J.  P.  E.  Morrison 
of  the  U.  S.  National  Museum,  and  duplicates  deposited  in  that  museum. 
Since  then  it  has  been  taken  on  every  mountain  visited  in  Giles  County 
with  an  elevation  of  over  3,000  feet — Salt  Pond,  Doe,  Big,  Butte,  Bald 
Knob,  Bear  Cliff  and  near  Staffordsville  and  Kier.  In  Craig  County, 
north  of  Giles  and  like  it,  bordering  on  West  Virginia,  on  John’s  Creek 
Mtn.  near  Rocky  Gap  Fire  Tower  and  near  Captain.  It  has  been  sought 
in  vain  farther  north.  Farther  southwest,  in  the  Cumberland  Mountains, 
it  has  been  found  in  Wise  County  on  Big  Black  Mtn.  on  Virginia  High¬ 
way  160  near  the  Kentucky  border  and  on  Powell  Mtn.  at  the  High 
Knob  Recreation  Area  near  Norton.  In  the  Blue  Ridge  Mountains  it  is 
known  from  as  far  north  as  the  James  River,  having  been  taken  in 
Bedford  County  near  the  Blue  Ridge  Parkway  on  Sharp  Top  and  Head- 
formost  Mountains.  Southwestwardly  in  the  Blue  Ridge  it  has  been 
found  on  Poor  Mtn.,  on  Bent  Mtn.  near  Carr  (Twin  Falls),  and  Buffalo 
Mtn.,  in  Roanolce  County ;  in  Montgomery  County  (collected  by  Miss 
Lanora  Geissler)  near  Shawville;  in  Pulaski  County  on  Macks  Mtn.; 
in  Patrick  County  along  U.  S.  58  near  Lover’s  Leap  Wayside;  in  Smyth 
County  on  Iron  Mtn.  at  Skulls  Gap,  12  miles  southeast  of  Chilhowie  and 
at  Comers  Rock  along  the  Grayson  County  line;  in  Grayson  County  on 
Buck  Knob,  3  miles  west  of  Longs  Gap. 

In  1949  fifty  specimens  were  collected  in  a  forested  area  about  the 
size  of  a  city  lot  near  the  Mountain  Lake  Biological  Station  during  the 
night,  where  not  even  a  dead  shell  to  indicate  their  presence  had  been 
found  the  day  before.  This  indicates  that  /the  species  is  highly  nocturnal 
and  that  night  is  the  best  time  to  collect  a  good  series.  However,  in  the 
same  vicinity  in  1943  over  100  specimens  for  chromosome  studies  were 
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taken  in  three  days.  These  last  were  found  under  and  around  logs  re¬ 
cently  felled  for  a  power  line  right-of-way  and  along  a  two  inch  pipe¬ 
line  bringing  water  from  a  reservoir  to  the  biology  station. 

This  species  seems  to  be  limited  to  elevations  above  2500  feet  with 
most  localities  between  3000  and  4500  feet.  It  is  found  in  company  with 
Mesodon  zaletus,  Triodopsis  albolabris,  T.  dentifera,  Mesomphix  inorna- 
tus  and  Ventridens  acerra.  Both  juveniles  and  adults  have  been  found 
eating  the  poisonus  mushroom,  Russula  emetica.  Further  search  may 
bring  M.  a  normalis  to  light  in  other  localities,  especially  in  the  Alle¬ 
gheny  Mountains  between  Giles  and  Wise  Counties. 

BIBLIOGRAPHY 
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Trientalis  Americana  (Pers.)  Pursh. 

Rich,  moist  woods  along  Mine  Run,  Powell’s  Fort,  Shenandoah 
County,  Virginia,  May  18,  1948. 

Phlox  maculata  var.  pyramidalis  Wherry 

Meadow  swamp  near  Oak  Levels,  Powell’s  Fort,  Shenandoah  County, 
Virginia,  July  3,  1948. 

Lena  Artz,  Waterliclc,  Virginia 
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News  and  Notes 

(Editor’s  Note :  News  contributions  should  be  sent  to  the  person  whose 

name  appears  at  the  end  of  the  appropriate  section .) 

DONALD  WALTON  DAVIS 
1882  -  1950 

The  Virginia  Academy  of  Science  has  lost  one  of  its  most  loyal  sup¬ 
porters,  one  who  has  contributed  much  to  its  success. 

Dr.  Donald  W.  Davis,  chairman  of  the  Department  of  Biology  of 
the  College  of  William  and  Mary  and  a  leader  in  science  and  education 
in  Virginia,  died  at  Newport  News  on  June  30. 

Born  in  Frazer,  Pennsylvania,  and  receiving  his  Bachelor  of  Science 
and  Doctor  of  Philosophy  degrees  at  Harvard  University,  Dr.  Davis 
was  the  senior  member  of  the  William  and  Mary  faculty,  which  he 
joined  in  1916.  His  broad  knowledge  of  the  field  of  biology  was  en¬ 
hanced  by  studies  at  Columbia  University  and  the  John  Innes  Horti¬ 
cultural  Institute,  London.  He  taught  at  the  University  of  California, 
Sweet  Briar  College.  Clark  College,  Radcliffe  College,  and  DePauw 
University. 

He  served  as  recording  secretary  of  the  Phi  Beta  Kappa  Chapter  at 
William  and  Mary  for  several  years,  and  was  also  a  member  of  the 
Genetics  Society,  the  Genetics  Association,  the  Society  for  the  Study  of 
Evolution,  the  American  Botanical  Society,  and  the  National  Association 
of  Biology  Teachers.  Dr.  Davis  was  instrumental  in  founding  the  Vir¬ 
ginia  Fisheries  Laboratory  and  was  proud  of  its  accomplishments.  He 
was  a  charter  member  of  the  Virginia  Academy  of  Science,  and  served 
as  its  president  from  1927  to  1928.  He  was  greatly  interested  in  the 
many  activities  of  the  Academy  and  especially  in  the  re-establishment 
of  its  Journal. 

As  a  token  of  the  high  esteem  in  which  Dr.  Davis  was  held  by  the 
members  of  the  Virginia  Academy  of  Science  this  issue  of  the  Virginia 
Journal  of  Science  is  dedicated  to  his  memory. 

THE  1951  MEETING  AT  LYNCHBURG 

The  Twenty-Ninth  Annual  Meeting  of  the  Virginia  Academy  of 
Science  will  be  held  at  Lynchburg  College,  Lynchburg,  on  May  10,  11, 
and  12,  1951. 
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Membership  of  the  Committee  on  Local  Arrangements: 

Co-Chairmen:  Dr.  Harold  H.  Garretson,  Ruskin  S.  Freer 
Meeting  rooms:  Dr.  John  G.  Mahan, -V.  Howard  Belcher 
Registration:  Mrs.  Ruth  Bahous,  Miss  Mabel  A.  Sawyer 
Housing:  Grover  W.  Everett 

Projection  Equipment:  Dr.  M.  Weldon  Thompson 

Publicity:  Mervyn  W.  Williamson 

Exhibits:  Clyde  E.  Miller,  Dr.  John  G.  Mahan 

Annual  dinners:  Miss  Pearl  G.  Griffin,  Miss  Sallie  Scott,  Mrs.  Alvern  L. 
Rowell 

Guest  Speakers:  Dr.  Wilson  F.  Wetzler 

Junior  Academy:  Donald  D.  Shipley,  Chairman;  Lawrence  W.  Sawyer, 
Registration;  Albert  H.  Shuster,  Jr.,  Housing;  Laura  Jeter  Parker, 
Exhibits 

Other  members:  President  Orville  W.  Wake,  Dean  Fred  Helsabeck,  and 
Mrs.  Christine  K.  Wells,  Dean  of  Students 

Announcements 

The  Virginian  Hotel,  8th  and  Church  Streets,  is  to  be  headquarters 
for  hotel  reservations.  Their  prices  are:  Single  without  bath,  $2.50  and 
up;  Single  with  shower,  $3.25  and  up;  Double  with  shower,  $6.00  and  up. 
Banquet,  Gymnasium,  Lynchburg  College,  $2.50. 

Notes  From  the  Secretary 

The  April  1951  Issue  of  the  Virginia  Journal  of  Science  will 
contain  the  complete  program  and  announcements  of  all  the  sections  for 
the  Twenty-Ninth  Meeting  of  the  Virginia  Academy  of  Science. 

This  will  be  held  May  10,  11,  12,  1951  at  Lynchburg,  Virginia, 
Lynchburg  College  being  the  Host  Institution  for  this  meeting.  In  order 
that  this  program  can  be  properly  prepared,  the  secretaries  of  all  sec¬ 
tions  must  have  their  completed  program  in  the  hands  of  Dr.  Boyd 
Harshbarger,  Editor-in-Chief,  Virginia  Journal  of  Science,  Depart¬ 
ment  of  Statistics,  V.P.I.,  Blacksburg,  Virginia  not  later  than  March 
5,  1951. 

Therefore,  it  will  be  necessary  for  the  secretaries  to  invite  papers 
for  their  respective  programs  as  soon  as  possible.  The  members  of  the 
various  sections  are  so  designated  by  the  respective  section  numbers  in 
the  Proceedings  of  the  Roanoke  Meeting. 

Foley  F.  Smith,  Secretary. 

MINUTES  OF  THE  COUNCIL  MEETING  AT  CHARLOTTES¬ 
VILLE,  NOVEMBER  12,  1950 

The  meeting  of  the  Council  and  Officers  of  the  Virginia  Academy  of 
Science  was  held  in  Room  24  of  the  Alderman  Library,  University  of 
Virginia,  on  Sunday,  November  12,  1950.  Present  were:  Marcellus  Stow, 
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Edward  Harlow,  E.  C.  L.  Miller,  L.  W.  Jarman,  Boyd  Harshbarger, 
Harold  H.  Garretson,  Ruskin  S.  Freer,  Sidney  S.  Negus,  Paul  Patterson, 
Horton  H.  Hobbs,  Jr.,  Ladley  Husted,  Guy  W.  Horsley  and  Foley  F. 
Smith. 

The  meeting  was  called  to  order  by  President  Horsley,  and  the 
first  order  of  business  was  the  report  on  the  Virginia  Journal  of 
Science  by  Dr.  Boyd  Harshbarger,  Editor-in-Chief  of  the  Journal. 
He  stated  that  the  reason  for  the  delay  receiving  the  Proceedings  of  the 
Academy  for  this  year  was  due  to  reorganization  by  the  former  printer, 
and  consequent  delay  in  preparation  of  the  Proceedings,  but  he  expected 
to  have  the  Proceedings  in  preparation  by  the  first  of  December.  He  also 
recommended  that  the  bid  made  for  printing  of  the  Virginia  Journal 
for  next  years  be  accepted.  This  is  the  same  rate  as  last  year,  $3.50  per 
page  with  the  exception  that  tables  and  complex  equations,  etc.,  would 
be  raised  to  $6.00  per  page.  It  was  also  recommended  that  the  Journal 
pay  for  one  page  of  such  tables,  etc.,  and  an  additional  five  regular 
pages  would  be  free  to  the  author,  with  the  exception  that  any  pages 
over  this  amount  would  be  paid  for  by  the  author  at  the  regular  rates. 

Dr.  Harshbarger  also  requested  those  present  to  assist  in  securing 
three  more  pages  of  advertising  for  the  Journal.  It  was  properly  moved, 
seconded  and  passed,  to  accept  the  printing  bid  for  1951,  and  Dr. 
Horsley  extended  the  appreciation  and  thanks  of  the  Academy  to  Dr. 
Harshbarger  and  his  Editorial  staff  for  their  excellent  work  on  the 
first  volume  of  the  Virginia  Journal  of  Science,  New  Series. 

Dr.  Stow,  Chairman  of  the  Long-Range  Planning  Committee,  stated 
that  he  had  had  no  formal  meeting  of  his  committee  at  this  time.  He, 
however,  did  make  an  informal  report  on  the  James  River  Project,  and 
the  status  of  the  Monograph,  “The  James  River  Basin — Past,  Present 
and  Future.”  He  stated  that  only  308  copies  out  of  2,211  copies  of  the 
Monograph  had  been  distributed  or  sold,  and  expressed  disappointment 
that  members  of  the  Academy  had  not  as  yet  purchased  copies. 

The  Chairman  of  the  Research  Committee  was  not  present,  but  a 
request  was  made  for  publicity  in  the  Journal  in  order  to  secure  more 
competing  papers  for  the  Horsley  Award,  and  also  to  advise  members 
about  research  funds  available. 

Edward  Harlow  reported  on  a  meeting  of  the  Southern  Association 
of  Science  and  Industry  in  Atlanta,  in  which  they  requested  affiliation 
of  other  State  Academies  with  the  SASI,  in  order  to  further  aid  and 
coordinate  research  in  the  South. 

He  said  that  questionnaires  had  been  sent  to  all  the  State  Academies 
seeking  information  regarding  their  activities,  membership,  research  pro¬ 
jects,  etc. 

It  was  properly  moved,  seconded  and  passed,  that  the  Academy  pay 
for  the  necessary  space  in  the  Journal  for  pictures  and  editorials  rela- 
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This  outstanding  apparatus, 
designed  for  the  determination 
of  gases  in  blood  and  other 
solution  by  vacuum  extraction 
and  manometer  measurements, 
is  another  triumph  in  Phipps 
&  Bird  design. 

Phipps  &  Bird  has  adhered 
strictly  to  Van  Slyke  specifica¬ 
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or  principal .  of  measuring. 

However,  the  construction  is 
more  substantial  and  the  ad¬ 
justable  leveling  bulb  and  il¬ 
lumination  of  manometer  and 
reduction  chamber  contribute 
greaUy  to  ease  and  accuracy 
in  use. 
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clude  a  protective  shield  of 
clear  plastic  which  completely 
encloses  burett  .  .  .  controls 
are  on  left  hand  side  leaving 
operator’s  right  hand  free  for 
operation  ....  belt-driven 
motor  with  balanced  fly¬ 
wheel  to  insure  smooth  start¬ 
ing  and  stopping.  Operates  on 
110  volts,  60  cycle. 

Phipps  &  Bird,  Inc. 
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tive  to  the  death  of  Dean  Wortley  Rudd  and  Donald  W.  Davis,  both 
Past  Presidents  of  the  Academy. 

The  Council,  in  conforming  with  Section  7,  concerning  Changes  in 
the  By-Laws  of  the  Virginia  Academy  of  Science,  properly  moved, 
seconded  and  passed,  the  recommendation  that  the  following  changes  be 
made.  In  Section  2,  Duties  of  Officers,  line  8  of  paragraph  3  should 
be  changed  to  read  “all  members  whose  dues  are  not  paid  by  that  date,” 
the  word  not  being  substituted  in  the  sentence.  The  second  change,  to 
delete  sentence  starting  in  line  eight,  paragraph  3,  “He  shall  periodi¬ 
cally  supply  the  secretary  of  each  section  with  a  list  of  the  paid-up 
members  of  their  respective  sections.”  The  third  change  was  to  delete 
in  line  thirteen  the  phrase  “with  checks  being  countersigned  by  one  of 
these.”  These  changes  were  recommended  and  passed  by  the  Council 
and  publication  of  these  changes  is  to  constitute  the  notice  of  such 
changes  being  given  in  the  Virginia  Journal  of  Science. 

In  conforming  with  Section  7,  regarding  changes  in  the  By-Laws, 
the  amended  3rd  paragraph  of  Section  2  will  now  read  as  follows: 

“(3)  The  Secretary-Treasurer  shall  keep  a  complete  record  of  each 
annual  meeting,  and  of  other  meetings  held  during  the  year  by  the 
Council,  and  shall  prepare  a  report  of  their  proceedings  for  publication. 
He  shall  keep  the  membership  lists  of  the  Academy  in  up-to-date  fashion, 
shall  promptly  supply  the  Editor-in-Chief  of  the  Journal  with  the 
names  of  all  new  members,  and  shall  likewise  supply  the  Editor  of  the 
Journal,  on  January  1,  of  each  year,  with  the  list  of  all  members 
whose  dues  are  not  paid  by  that  date.  The  Secretary-Treasurer  shall  re¬ 
ceive  all  funds — except  as  provided  below  under  Section  (5),  (2),  shall 
disburse  all  funds  as  directed  by  the  Council  and  approved  by  the 
President  and/or  Chairman  of  the  Finance  Committee,  and  shall  submit 
at  the  annual  meeting  a  written  report  of  all  receipts  and  disbursements. 
His  annual  report  shall  be  accompanied  by  an  audit  by  a  recognized 
public  accountant.  He  shall  furnish  quarterly  financial  summaries  to  the 
officers  and  to  the  members  of  the  Council  and  of  the  Finance  Committee. 
He  shall  be  adequately  bonded.” 

The  Secretary-Treasurer  gave  a  report  on  the  financial  condition 
of  the  General  Funds  of  the  Academy  since  the  May  meeting.  With  the 
expenses,  and  income  received  from  current  dues,  the  general  fund  bal¬ 
ance  is  now  $668.00  exclusive  of  $406.00  due  to  the  Virginia  Journal 
of  Science  for  pledges  and  subscriptions  at  $2.00  per  member.  The 
Research  Fund  account  shows  a  balance  of  $824.00. 

Dr.  Garretson  and  Dr.  Freer,  Co-Chairmen  of  the  Committee  on 
Local  Arrangements  for  the  Lynchburg  meeting  in  May,  1951,  discussed 
plans  for  the  meeting.  Both  the  plans  for  the  Junior  Academy  and 
Science  Talent  Search  were  discussed,  and  it  was  felt  that  adequate 


68 


The  Virginia  Journal  of  Science 


[January 


preparations  were  being  made  for  this  meetings  to  be  held  at  Lynchburg 
College. 

There  being  no  further  business  the  meeting  adjourned  at  5:30  P.M. 

Respectfully  submitted, 

Foley  F.  Smith 
RESEARCH  COMMITTEE 

Encouragement  of  research  in  Virginia  was  one  of  the  earliest  de¬ 
clared  purposes  of  the  Academy.  It  is  felt  that  the  Research  Grants-in- 
Aid  and  the  J.  Shelton  Horsley  Research  Award,  both  instituted  nearly 
twenty-five  years  ago,  have  contributed  to  this  end.  Greater  interest  and 
participation  in  both  are  urged  by  the  Research  Committee. 

Research  Grants-in-Aid 

The  income  from  the  Academy’s  Endowment  Fund  is  set  aside 
each  year  to  provide  assistance  to  Academy  members  who  submit  to  this 
committee  worthy  research  problems  for  which  financial  aid  is  needed. 
Research  grants  during  recent  years  have  averaged  from  $75.00  to 
$100.00  each. 

The  applicant  is  requested  to  outline  his  problem  and  list  the  items 
for  which  assistance  is  required.  The  names  and  addresses  of  three  per¬ 
sons  who  know  his  qualifications  for  scientific  research  should  be  sub¬ 
mitted  with  the  request. 

Since  funds  are  now  available,  the  committee  urges  that  applica¬ 
tions  be  mailed  at  an  early  date  to  H.  R.  Hammer,  P.  O.  Box  4178,  Rich¬ 
mond  24,  Virginia,  so  that  they  may  be  considered  at  its  next  meeting. 

J.  Shelton  Horsley  Research  Award 

This  award  may  properly  be  regarded  as  one  of  the  most  coveted 
prizes  available  to  scientists  in  Virginia  and  accordingly  might  be  ex¬ 
pected  to  evoke  general  interest  and  widespread  participation. 

Unfortunately,  interest  had  waned  and  participation  had  become  so 
limited  that  last  year,  with  the  approval  of  the  Officers  and  Council  of 
the  Academy,  a  different  procedure  was  inaugurated.  The  cooperation 
of  the  Officers  of  each  Section  was  solicited  and  authors  were  asked  to 
submit  their  papers  to  the  Secretaries  of  their  respective  Sections,  rather 
than  directly  to  the  Research  Committee.  The  Section  Officers  were  fur¬ 
ther  asked  to  serve  as  advisors  to  the  Research  Committee  and  to  pass 
on  to  them  papers  which  they  deemed  prize  worthy,  even  though  they 
had  not  been  formally  submitted  for  the  award. 

This  plan  resulted  in  a  gratifying  increase  in  the  number  of  papers 
which  were  considered.  It  is  proposed  to  continue  the  same  procedure, 
subject  to  suggestions  and  criticism  on  the  part  of  Academy  members, 
which  the  committee  is  most  anxious  to  receive. 
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The  only  requirement  for  eligibility  is  that  a  paper  submitted  for 
the  J.  Shelton  Horsley  Research  Award  shall  report  original  research 
by  a  member  of  the  Academy  and  shall  be  presented  at  the  May,  1951 
meeting —  H.  R.  Hanmer,  American  Tobacco  Company ,  Richmond. 

SECTION  NEWS 

Astronomy,  Mathematics  and  Physics  Section 
Leland  Bradley  Snoddy 
1898  -  1950 

It  was  with  great  regret  that  the  members  of  this  Section  learned 
of  the  death  of  Professor  Leland  B.  Snoddy  at  Charlottesville,  Novem¬ 
ber  12,  1950,  after  an  illness  of  several  months. 

Professor  Snoddy  had  been  an  active  member  of  the  Virginia 
Academy  for  many  years,  and  was  a  former  chairman  of  the  Astronomy, 
Mathematics,  and  Physics  Section.  Born  in  Ohio,  he  attended  the 
Universities  of  Kentucky  and  California,  and  received  the  Ph.D.  degree 
from  the  University  of  Virginia  in  1929.  While  studying  at  Virginia  he 
was  a  member  of  the  faculty  of  Lynchburg  College.  After  receiving  his 
degree  he  held  an  Edison  Research  fellowship  and  then  served  General 
Electric  as  a  physicist.  In  1933,  Professor  Snoddy  returned  to  the 
University  of  Virginia,  serving  on  the  faculty  of  the  School  of  Physics 
until  his  recent  death.  During  the  war  years  he  was  engaged  in  the 
program  of  research  carried  on  at  Rouss  Laboratory  under  the  auspices 
of  the  OSRD. 

Professor  Snoddy  was  a  fellow  of  both  the  American  Physical 
Society  and  the  Optical  Society  of  America,  and  was  a  member  of  many 
other  honorary  societies.  His  services  as  a  consultant  were  eagerly  sought 
by  many  institutional  and  government  research  laboratories.  Although 
his  interests  were  widespread,  he  was  chiefly  identified  with  the  broad 
field  of  electromagnetic  phenomena,  and  he  was  a  pioneer  in  the  de¬ 
velopment  of  linear  accelerators. 

In  the  passing  of  Professor  Snoddy  the  Virginia  Academy  of 
Science  has  lost  an  outstanding  member. 

I.  G.  Foster,  Virginia  Military  Institute. 

Bacteriology  Section 

Virginia  Branch,  Society  of  American  Bacteriologists 
Fall  Meeting,  November  10,  1950,  University  of  Richmond 
12:30  Business  Meeting,  Room  102,  Department  of  Biology,  University 
of  Richmond. 

1:15  Lunch  at  the  Refectory,  University  of  Richmond. 

2:15  Scientific  Program: 
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1.  Some  Aspects  of  the  Nutrition  of  Endcimoeba  histolytica. 

E.  Clifford  Nelson,  D.  Sc.,  Medical  College  of  Virginia. 

2.  Behavior  of  Endamoeba  histolytica  in  Culture  with  Viable 
and  with  Disintegrated  Clostridia  perfringens. 

Barbara  H.  Caminita,  University  of  Maryland. 

3.  Some  Factors  Influencing  the  Culture  of  Protozoa. 

N.  E.  Rice,  Ph.D.,  University  of  Richmond. 

4?.  Some  Observations  on  Lysogenic  Bacilli. 

H.  J.  Welshimer,  Ph.D.,  Medical  College  of  Virginia. 

5.  Morphological  Observation  by  Electron  Microscopy  of  the 
Cave  Bat  Newcastle  Disease  Virus  after  Culture  in  Chick 
Embryos. 

Major  Reagan,  Professor  of  Virus  Diseases,  University  of 

Maryland. 

6.  Film  on  Micromanipulation. 

A.  S.  Aloe  Company,  St.  Louis. 

J.  Douglas  Reid,  University  Heights,  RFD  13,  Richmond. 

Biology  Section 

Mr.  Orland  E.  White,  Professor  of  Agricultural  Biology,  University 
of  Virginia  and  Director  of  The  Blandy  Experimental  Farm,  Boyce, 
has  been  awarded  a  Fulbright  Fellowship.  He  is  now  lecturing  at 
University  College,  Mandalay,  Burma. 

Mr.  Jaques  Rappaport,  formerly  of  the  Department  of  Botany, 
Smith  College,  has  assumed  his  duties  as  Plant  Physiologist  of  The 
Blandy  Experimental  Farm  and  Associate  Professor  of  Biology,  Uni¬ 
versity  of  Virginia.  Mr.  Rappaport  received  the  M.  Sc.  degree  from  the 
Agricultural  College  at  Ghent,  and  the  Ph.D.  from  Dijon.  He  is  especi¬ 
ally  interested  in  growth  hormones  and  ovular  tumors  in  incompatible 
plant  crosses. 

Dr.  John  Laurence  McHugh  of  the  Scripps  Institution  of  Ocean¬ 
ography  has  been  appointed  Director  of  the  Virginia  Fisheries  Labora¬ 
tory.  This  was  announced  by  the  Board  of  Administration  of  the  Lab¬ 
oratory  on  the  occasion  of  the  dedication  exercises  of  the  new  physical 
plant.  Mr.  McHugh  will  assume  his  new  duties  in  January,  hie  will  re¬ 
lieve  Mr.  Nelson  Marshall  who  became  Dean  of  the  College  of  William 
and  Mary  in  July,  1949,  but  continued  to  serve  the  Laboratory  until  a 
successor  could  be  found.  Mr.  McHugh  received  his  B.A.  and  M.A.  de¬ 
grees  from  the  University  of  British  Columbia  and  his  Ph.  D.  from  the 
Scripps  Institution  of  Oceanography. 

Symposium  on  Estuarine  Ecology 

A  Symposium  on  Estuarine  Ecology  was  held  at  Gloucester  Point, 
Virginia,  on  October  12th.  The  symposium  was  arranged  by  the  Atlantic 
Estuarine  Research  Society  to  sound  the  keynote  for  future  research  at 
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the  new  physical  plant  of  the  Virginia  Fisheries  Laboratory  at  Gloucester 
Point.  Dr.  R.  E.  Coker  of  the  University  of  .  North  Carolina  and  Dr. 
Waldo  L.  Schmitt  of  the  U.  S.  National  Museum  served  as  co-chairmen, 
and  the  morning  session  was  opened  by  Dr.  Alfred  C.  Redfield  of  the 
Woods  Hole  Oceanographic  Institution  who  spoke  on  “The  Hydrography 
of  Estuaries.”  Dr.  Thurlow  C.  Nelson  of  Rutgers  University  speaking 
“On  the  Ecology  of  Some  Estuarine  Pelecypods  with  Especial  Refer¬ 
ence  to  the  Oyster,”  and  Dr.  Paul  S.  Galtsoff  of  the  U.  S.  Fish  and 
Wildlife  Service  speaking  on  “The  Physiological  Problems  in  Estuarine 
Ecology”  completed  the  morning  session.  In  the  afternoon  Dr.  Harold 
J.  Humm  of  the  Florida  State  University  Marine  Laboratory  gave  a 
paper  on  “The  Role  of  Bacteria  in  Estuarine  Ecology,”  Dr.  A.  G.  Hunts¬ 
man  of  the  Fisheries  Research  Board  of  Canada  a  paper  on  “Population 
Dynamics  in  Estuaries,”  and  Dr.  R.  V.  Truitt  of  the  Maryland  Depart¬ 
ment  of  Research  and  Education  spoke  on  “Fishery  Products  of  Estuar¬ 
ies.”  Following  an  outdoor  seafood  supper  the  group  reassembled  to  hear 
a  talk  by  Dr.  Bostwick  Ketchum  of  the  Woods  Hole  Oceanographic  In¬ 
stitution  on  “The  Tidal  Flushing  of  Estuaries.” 

These  sessions  proved  a  major  step  in  the  current  trend  to  recognize 
the  problems  of  our  estuarine  sciences  as  distinct  from  oceanography  and 
limnology.  Following  this  symposium  which  it  had  sponsored,  the  At¬ 
lantic  Estuarine  Research  Society  held  its  semi-annual  meeting.  This 


Our  Latest  A  chievement  — 

C  AROLINA-PLAST -O-MOUNTS 

Carolina-quality  specimens  embedded  in  clear  plastic. 
We  introduce  cover  glass  protection  over  smaller  speci¬ 
mens  mounted  for  microscopic  study.  Look  for  Plasto- 
mount  listings  in  Carolina  Tips,  our  monthly  publication. 

WE  INVITE  YOUR  INQUIRY 

Carolina  Biological  Supply  Company 

ELON  COLLEGE,  NORTH  CAROLINA 


72 


The  Virginia  Journal  of  Science 


[January 


society  is  a  relatively  small  one,  limited  primarily  to  scientists  currently 
doing  research  on  estuaries  in  the  Middle  Atlantic  coast  area.  The  so¬ 
ciety’s  vigor  is  ample  evidence  of  the  growth  of  estuarine  ecology. 

Ladley  Husted,  University  of  Virginia. 

Chemistry  Section 

During  the  long  intermission  since  the  July  issue,  a  number  of 
interesting  items  have  been  received  and  are  included  for  the  record. 

From  the  Virginia  Polytechnic  Institute  come  the  following  notices 
of  publications,  sent  at  the  request  of  the  section  editor. 

P.  C.  Scherer  and  R.  D.  McNeer,  “Controlled  Fractionation  of 
Ethyl  Cellulose,”  Hay  on  Textile  Monthly,  30,  8,  56  (1949). 

P.  C.  Scherer  and  B.  P.  Rouse,  “Mechanical  Properties  of  High 
Polymers  as  Functions  of  Shape  of  Distribution  Curve  (III) — Cellulose 
Nitrate,”  Rayon  Textile  Monthly,  30,  11,  42  (1949). 

P.  C.  Scherer  and  R.  D.  McNeer,  “Mechanical  Properties  of  High 
Polymers  as  Functions  of  Shape  of  Distribution  Curve  (IV) — Ethyl 
Cellulose,”  Rayon  Textile  Monthly,  31,  1  (1949) 

C.  K.  Bradsher  and  F.  A.  Vingiello,  “Aromatic  Cyclodehydration. 
XXII.  The  Mechanism  of  the  Cyclization  of  o-Benzyphenones.,  Ill,” 
J.  Am.  Chem.  Soc.,  71,  1434  (1949). 

F.  A.  Vingiello  and  C.  K.  Bradsher,  “4-Chloro-4r-t-buty]ebenzophe- 
none  and  4-Chloro-4-t-butyldiphenylmethane,”  J.  Am.  Chem.  Soc.,  71, 
3572  (1949). 

Mr.  George  Buese  and  Mr.  Joseph  Shulman,  graduate  students, 
have  been  appointed  research  assistants  to  Dr.  Frank  A.  Vingiello  on  a 
Research  Corporation  sponsored  project  concerned  with  the  mechanism 
of  aromatic  cyclodehydration. 

Dr.  Robert  C.  Krug  has  received  a  grant-in-aid  of  $2,500  from  the 
Research  Corporation  in  support  of  a  study  of  the  action  of  reducing 
agents  on  organic  compounds  in  liquid  ammonia. 

The  new  officers  of  the  Virginia  Blue  Ridge  Section  include  Clar¬ 
ence  G.  Haupt,  Norfolk  and  Western  Railroad,  Chairman;  Harriett  H. 
Fillinger,  Hollins  College,  Vice-Chairman;  Ralph  B.  Long,  American 
Viscose  Corporation,  Secretary;  John  F.  Baxter,  Washington  and  Lee 
University,  Treasurer;  Ashley  Robey,  Roanoke  College,  Recorder. 

New  officers  of  the  Hampton  Roads  Section  are  C.  S.  Sherwood, 
III,  Norfolk  Division,  W.  M.-V.  P.  I.,  Chairman;  George  I.  Earnest, 
Jr.,  F.  S.  Royster  Guano  Company,  Chairman-Elect;  Peter  Eustis,  Vir¬ 
ginia  Smelting  Company,  Vice-Chairman;  K.  Ellington,  Monsanto 
Chemical  Company,  Secretary;  William  Francis,  Naval  Shipyard, 
Treasurer. 

Dr.  Lynn  D.  Abbott,  Jr.,  associate  professor  of  biochemistry  at  the 
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Medical  College  of  Virginia,  was  one  of  a  hundred  reserve  officers  in  the 
U.  S.  Navy,  selected  over  the  nation  by  the  Office  of  Naval  Research 
for  a  two-week  scientific  seminar  held  in  Washington,  D.  C.,  in  June. 
Selection  was  based  largely  on  accomplishments  of  these  officers  in 
scientific  research  since  the  war. 

The  Modern  Chemistry  Symposium,  held  at  the  Oak  Ridge  Insti¬ 
tute  of  Nuclear  Studies  at  the  end  of  the  summer  was  attended  by  J.  W. 
Cole,  of  the  University  of  Virginia;  John  F.  Baxter,  of  Washington  and 
Lee  University;  Mary  Kapp,  of  Richmond  Professional  Institute;  and 
the  following  from  the  Virginia  Polytechnic  Institute:  F.  C.  Vilbrandt, 
F.  W.  Bull,  W.  L.  McPherson,  and  R.  E.  Leed.  Dr.  Leed  was  at  the 
Institute  during  most  of  the  summer. 

Dr.  C.  Clement  French,  formerly  vice-president  of  Virginia  Poly¬ 
technic  Institute,  was  appointed  dean  of  the  Texas  A.  and  M.  College. 

Among  the  papers  presented  at  the  Chicago  meeting  of  the  Ameri¬ 
can  Chemical  Society  are  the  following: 

Max  Erne,  F.  A.  Ramirez,  and  Alfred  Burger  (University  of  Vir¬ 
ginia)  “Pyridine  and  Thiazole  Derivatives  as  Pharmacodynamic  Agents. 
l-(Thiazolyl)-z-aminopropanes  and  Di-(I-thiazolyl)  acetic  Acid.” 

JasQn  M.  Salisbury,  James  W.  Cole,  Jr.,  Lyle  G.  Overholsej,  Alfred 
R.  Armstrong,  and  John  H.  Yoe  (University  of  Virginia),  “Determina- 
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tion  of  Fluorine  in  Monofiuorinated  Organic  Compounds  in  Air  and  in 
Water.” 

R.  F.  Conaway  (E.  I.  du  Pont  de  Nemours  and  Company),  “Esteri¬ 
fication  of  Cellulose.” 

C.  W.  Tait,  R.  J.  Vetter,  J.  M.  Swanson,  and  P.  Debye  (E.  I.  du 
Pont  de  Nemours  and  Company),  “Physical  Characterization  of  Cellu¬ 
lose  Xanthate  in  Solution.” 

William  J.  Hart  and  Jack  Compton  (Institute  of  Textile  Technol¬ 
ogy),  “A  Study  of  Soiling  and  Soil  Retention  in  Textile  Fibers.  II. 
Kinetics  and  Mechanism  of  Primary  Deposition  of  Grease  Free  Carbon 
Blacks  on  Cotton  Fibers.” 

A.  G.  Richardson,  J.  Stanton  Pierce,  and  E.  Emmet  Reid  (Univer¬ 
sity  of  Richmond),  “N-Aryl-N'-Alklvoxamides  for  the  Identification  of 
Primary  Alkyl  Amines.” 

J.  S.  Tinsley,  of  the  Hercules  Powder  Company,  presided  over  the 
general  section  of  the  Division  of  Cellulose  Chemistry. 

The  section  editor  would  like  to  make  these  notes  representative  of 
the  entire  section,  and  to  that  end  urges  all  readers  to  send  in  news  of 
their  own  scientific  activities  and  of  any  other  events  that  come  to  their 
attention. — William  E.  Trout,  Jr.,  Box  168,  University  of  Richmond. 

Education  Section 
Citizen  Education  Project 

High  Schools  in  seven  Virginia  communities — Arlington,  Martins¬ 
ville,  Norfolk,  Norfolk  County,  Richmond,  Suffolk  and  Williamsburg — 
are  taking  part  in  the  Citizenship  Education  Project,  a  program  planned 
by  Columbia  University  with  substantial  financial  support  from  the 
Carnegie  Corporation.  The  project  is  designed  to  give  students  a 
knowledge  of  the  principles  of  American  democracy,  attitudes  affirming 
those  principles,  and  skills  in  applying  them  in  their  daily  lives.  Two 
kinds  of  resources  have  been  developed  for  the  use  of  teachers  in  citizen¬ 
ship  education.  One  of  these  is  a  set  of  digests  of  instructional  materials; 
the  other  is  a  set  of  descriptions  of  laboratory  practices.  Organization 
guides  for  typical  high  school  courses  in  American  History  and  Civics 
have  been  developed  to  enable  teachers  to  utilize  these  basic  resources 
effectively.  Tests  prepared  by  the  Project  will  be  given  three  times  dur¬ 
ing  the  semester  as  a  control  and  check  on  the  progress  being  made  in 
individual  classes. —  Francis  G.  Lankford,  University  of  Virginia. 

Engineering  Section 

“Ultrasonic  Coagulation  of  Phosphate  Tailings,”  by  Dr.  Dudley 
Thompson,  Assistant  Professor  Chemical  Engineering,  has  recently  been 
published  by  Virginia  Polytechnic  Institute  Engineering  Experiment 
Station,  as  Bulletin  No.  75.  (Vol.  43.  No.  5). — Nelson  F.  Murphy, 
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Virginia  Polytechnic  Institute. 

Medical  Section 

“Factors  Influencing  Student  Success  in  Medical  Education/’  by 
A.  W.  Hurd,  has  recently  been  published  by  the  Medical  College  of  Vir¬ 
ginia.  It  is  the  second  study  which  has  been  made  in  the  field  of  student 
success  in  medicine. — A.  W.  Hurd,  Medical  College  of  Virginia,  Rich¬ 
mond. 

Psychology  Section 

Dr.  David  Orr  was  appointed  senior  clinical  psychologist  at  Eastern 
State  Hospital,  Williamsburg,  on  October  1,  1950.  Dr.  Orr  obtained  his 
Ph.D.  in  psychology  in  June,  1950,  at  the  University  of  Kentucky.  He 
also  served  for  two  years  as  a  psychologist  at  Eastern  State  Hospital, 
Lexington,  Kentucky. 

Mr.  Burton  R.  Wolin  has  been  appointed  Assistant  Professor  in 
psychology  at  the  College  of  William  and  Mary.  Mr.  Wolin  has  been 
doing  graduate  work  at  Indiana  University,  where  he  completed  all  re¬ 
quirements  for  the  doctorate  in  August,  1950,  and  expects  to  be  awarded 
his  degree  next  year. 

Among  the  state  psychologists  attending  the  annual  meeting  of  the 
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American  Psychological  Association  held  at  Pennsylvania  State  College 
on  September  3-9,  were:  Dr.  John  K.  Bare,  Dr.  Stanley  B.  Williams,  Dr. 
William  M.  Hinton,  Dr.  Frank  W.  Finger,  Dr.  Richard  H.  Henneman, 
Dr.  L.  Starling  Reid,  Dr.  Frances  M.  McGehee,  Miss  Linda  L.  Carter, 
Mrs.  William  Mailer,  Miss  Patricia  Nigg,  Mr.  Allen  Cohen,  and  Mr. 
John  N.  Buck.  Dr.  Hinton  represented  the  Psychology  Section  at  the 
meeting  of  the  State  Psychological  Associations.  Mr.  Buck  participated 
in  two  round-table  discussion  groups.  He  was  chairman  of  the  round 
table  on  Ramifications  of  the  FI-T-P  Technique,  and  he  participated  in 
the  round-table  discussion  on  Problems  of  Mental  Deficiency.  Miss  Carter 
also  participated  in  the  round-table  discussion  of  the  H-T-P  Technique. 
Dr.  Frank  A.  Geldard  of  the  University  of  Virginia  was  elected  Presi¬ 
dent  of  the  Division  of  Military  Psychology. 

The  present  membership  of  the  Virginia  Examining  Board  for 
Clinical  Psychologists  consists  of:  Mr.  John  N.  Buck,  Mr.  Austin  Grigg, 
Mrs.  Catherine  T.  Giblette,  Dr.  William  N.  Hinton,  and  Richard  H. 
Henneman. 

Dr  Eugene  R.  Long  of  the  University  of  North  Carolina  returned 
to  the  University  of  Virginia  during  the  summer  to  participate  in  the  Air 
Force  contract  research  on  visual  message  presentation.  Mr.  Ralph  W. 
Queal,  Jr.,  of  Washington  University,  St.  Louis,  has  been  appointed 
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full-time  assistant  director  of  research  on  the  Air  Force  contract  at 
Virginia. 

The  Committee  on  Cooperative  Research,  whose  chairman  is  Dr. 
Cecile  R.  Finley  of  Hollins  College,  held  a  meeting  at  the  University 
of  Virginia  on  September  14.  The  functions  of  this  committee  were  agreed 
upon  as  the  following: 

1.  To  broaden  the  knowledge  and  understanding  of  the  research 
work  being  carried  on  by  each  of  the  institutions  represented  in 
the  section. 

2.  To  make  possible  more  research  programs  of  real  consequence 
in  small  liberal  arts  colleges  in  Virginia. 

3.  To  promote  more  lively  and  effective  section  programs. 

4.  To  increase  the  interest  of  all  members  of  the  section,  especially 
undergraduate  majors,  in  small  cooperative  research  projects. 

Five  projects  were  selected  by  the  committee  as  an  initial  program 
of  cooperative  research. 

Dr.  Richard  H.  Henneman  has  been  invited  to  report  recent  re¬ 
search  on  the  intelligibility  of  speeded  speech  at  a  symposium  of  the 
Speech  Science  Section  of  the  Speech  Association  of  America,  to  be  held 
in  New  York  City  the  latter  part  of  December. 

Miss  Hannah  S.  Davis,  formerly  of  Northampton  State  Hospital, 
Massachusetts,  has  succeeded  Mrs.  William  Mailer  as  Senior  Assistant 
Psychologist  at  Lynchburg  State  Colony.  Mrs.  Mailer  resigned  in  Oc¬ 
tober  to  take  a  position  at  Traverse  City  State  Hospital  in  Michigan. 

Miss  Patricia  Nigg,  Second  Assistant  Psychologist  at  the  Colony, 
will  resign  in  December  to  take  a  position  in  California.  She  will  be  suc¬ 
ceeded  on  January  1  by  Mr.  Allen  R.  Cohen  of  Miami,  Florida. 

The  Section  treasurer.  Dr.  Stanley  B.  Williams  of  the  College  of 
William  and  Mary,  calls  the  attention  of  members  of  the  Section  to  the 
fact  that  Academy  dues  are  now  payable  and  should  be  sent  to  the 
Section  treasurer,  not  to  the  Academy  treasurer. 

Richard  H.  Henneman,  University  of  Virginia. 

Statistics  Section 

J.  Youden  has  returned  from  England.  He  will  deliver  the  winter 
Sigma  Xi  lecture  at  Virginia  Polytechnic  Institute. 

C.  M.  Mottley  delivered  the  third  in  a  newly  instituted  series  of 
Statistical  Colloquia  at  Virginia  Polytechnic  Institute. 

Mr.  Glenn  Suter  spent  the  summer  with  the  Crop  Reporting  Service 
at  Richmond  as  Agricultural  Statistician,  and  is  now  instructing  at  Vir¬ 
ginia  Polytechnic  Institute. 

R.  A.  Bradley,  D.  B.  Duncan  and  M.  E.  Terry  attended  the  Statisti¬ 
cal  Christmas  Meetings  at  Chicago. 
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Boyd  Harshbarger  attended  the  A.A.A.S.  Christmas  meetings  in 
Cleveland. 

The  statistical  staff  at  the  University  of  Virginia.  Dr.  Rutledge 
Vining,  Mr.  Weiss,  and  Mr.  Nicholson,  participated  in  a  discussion  of 
statistical  programs  with  the  statistical  staff  at  Virginia  Polytechnic 
Institute  at  Charlottesville  on  November  12. 

All  members  of  the  Statistical  Section  are  urged  to  notify  the  secre¬ 
tary  of  news  and  notes. — M.  E.  Terry,  Virginia  Polytechnic  Institute. 
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Development  of  The  Science  of  Bacteriology 

Wilson  B.  Bell 
Virginia  Polytechnic  Institute 

Everyone,  as  it  has  been  suggested,  has  an  interest — a  vital,  though 
perhaps  unrecognized,  interest  in  bacteriology.  Only  a  few,  of  course, 
concern  themselves  with  it  out  of  intellectual  curiosity;  only  a  small 
minority  finds  satisfaction  in  knowing  about  the  microorganisms  that 
populate  the  air,  the  soil,  the  water ;  that  inhabit  man,  the  lower  animals, 
the  plants ;  that  may  be  beneficial,  harmless,  or  destructive.  But  none  of 
us  who  eats,  who  suffers  the  common  cold,  who  cultivates  the  soil,  who 
processes  food,  or  wTio  uses  a  variety  of  commercial  products,  can  be 
indifferent  to  this  science. 

Bacteriology,  as  a  science,  is  of  relatively  recent  origin,  but  in  its 
short  life  there  have  occurred  many  dramatic  revelations  concerning  the 
origin  and  nature  of  living  things.  It’s  real  beginning  lies  with  the  early 
questioners  of  the  nature  of  the  universe  who,  no  doubt,  considered  the 
possibility  of  forms  of  life  too  small  to  be  seen  by  the  inadequate  human 
eye.  Many  early  beliefs  and  superstitions  were  detrimental  in  that 
studies  were  retarded;  yet,  on  the  other  hand,  these  beliefs  and  super¬ 
stitions  were  beneficial  in  that  they  stimulated  scientific  testing  of  their 
validity.  Proof  of  the  existence  of  microscopic  living  forms  had  to  await 
the  development  of  mechanical  devices  and  techniques  that  enabled  man 
to  probe  beyond  the  limits  of  his  vision. 

Microscopy  preceded,  therefore,  the  discovery  of  bacteria  by  Leeuwen¬ 
hoek  in  1676.  Prior  to  this  time,  magnifying  instruments  and  microscopes 
had  been  in  use,  and  their  importance  in  studies  of  small  things  was 
generally  recognized.  Leeuwenhoek  was  the  first  to  devote  himself 
diligently  to  exploration  of  the  microscopic  world  surrounding  him  and 
to  write  extensively  of  the  microorganisms  he  found  on  every  hand.  The 
importance  of  his  observations  was  not  immediately  recognized,  however, 
and  almost  a  hundred  and  fifty  years  passed  before  this  new  knowledge 
was  applied. 

The  development  of  bacteriology  was  influenced  by  the  theories, 

Editor’s  Note:  In  continuing'  the  policy  established  by  the  Editorial  Board 
to  present  in  the  first  three  numbers  of  each  Volume  of  the  Journal  an  article 
of  general  interest  and  progress  in  the  several  fields  of  science,  we  have  invited 
Professor  Wilson  B.  Bell,  of  the  Department  of  Biology  at  the  Virginia  Poly¬ 
technic  Institute  and  Virginia,  Agricultural  Experiment  Station,  to  contribute 
this  article  from  the  field  of  Bacteriology. 
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beliefs,  and  superstitions  that  prevailed  before  and  even  after  the  sig¬ 
nificance  of  Leeuwenhoek’s  work  wras  recognized.  The  investigations  sub¬ 
sequent  to  the  discovery  of  bacteria  followed  two  main  routes:  the  study 
of  the  nature  and  classification  of  the  organisms,  and  the  study  of  the 
relation  of  bacteria  to  disease,  putrefaction  and  fermentation.  Several 
factors  gave  impetus  to  the  development  of  bacteriology.  The  first  of 
these  was  speculation  about  the  origin  of  life,  and  many  of  the  intellect¬ 
ually  curious,  unconvinced  that  life  began  by  spontaneous  generation, 
attacked  the  question  by  experimentation  with  microbes.  A  second  factor 
that  hastened  the  development  of  the  science  was  the  interest  in  fermen¬ 
tation  which  had  always  aroused  considerable  curiosity  and  to  which 
Biblical  reference  was  made.  The  third  factor  that  stimulated  the  growth 
of  bacteriology  was  an  interest  in  disease.  Man  has  always  been  plagued 
by  disease,  and  many  of  the  beliefs  and  customs  existing  at  the  time  of 
the  discovery  of  bacteria  were  based  on  ideas  of  the  cause  of  disease. 

It  is  impossible  to  chart  completely  within  the  limits  of  this  paper 
the  growth  of  bacteriology  and  to  indicate  the  significance  of  all  its 
findings.  There  were,  however,  certain  influences  and  discoveries  that 
shaped  its  growth,  that  served  to  explode  existing  theories,  and  that 
profoundly  influenced  the  later  development  of  the  science.  These  will 
be  discussed  under  the  terms:  (a)  spontaneous  generation,  (b)  fermen¬ 
tation,  (c)  disease,  and  (d)  classification.  In  order  to  follow  this  develop¬ 
ment  it  is  necessary  to  consider  briefly  within  each  group  the  theories 
that  existed  at  the  time  of  the  beginning  of  bacteriology. 

SPONTANEOUS  GENERATION 

The  origin  of  animals  and  plants  has  been  a  source  of  speculation 
since  the  beginning  of  time.  The  ancients  believed  that  animals  and 
plants  whose  parents  could  not  be  seen  arose  as  the  result  of  the  com¬ 
bined  action  of  heat,  air,  earth,  and  putrefaction.  Aristotle  described 
instances  of  spontaneous  generation,  and  this  concept  was  dominant 
through  the  Middle  Ages;  as  late  as  1652  van  Helmont  gave  directions 
for  the  generation  of  mice  from  dirty  clothes  and  fermenting  grain. 
Redi  (1668)  challenged  the  idea  by  showing  that  maggots  in  meat  were 
really  the  offspring  of  flies  and  that  no  visible  worms  or  insects  appeared 
in  meat  which  was  protected  by  gauze  so  that  flies  could  not  reach  it 
during  decomposition. 

Spontaneous  generation  as  the  origin  of  some  forms  of  life  gradually 
lost  credence  insofar  as  the  highly  organized  forms  were  concerned.  The 
discovery  of  bacteria  by  Leeuwenhoek  revived  the  idea,  however,  and 
many  believed  that  spontaneous  generation  was  the  rule  for  the  micro¬ 
scopic  creatures.  Rapid  steps  in  the  advancement  of  bacteriology  came 
as  the  result  of  attempts  to  prove  that  bacteria  did  not  generate  in 
this  manner. 

Joblot  (1718)  may  have  made  the  first  experiments  when  he  heated 
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infusions  and  showed  that  such  infusions  in  closed  vessels  remained 
free  from  life  but  that  the  infusions  in  open  vessels  soon  teemed  with 
animalcules.  This  was  not  considered  conclusive,  and  the  idea  of  spon¬ 
taneous  generation  continued  to  be  supported  by  many.  Needham,  for 
example,  observed  innumerable  small  moving  objects  in  germinating 
seeds  and  conducted  an  experiment  to  prove  that  they  came  from  the 
infusion  itself.  He  sealed  hot  mutton  gravy  in  vessels,  and  observed  the 
development  of  growth,  even  though  the  flask  had  been  heated  after 
sealing.  He  believed  in  a  vegetative  force  in  the  microscopic  particles  of 
organic  matter  which  allowed  the  matter  to  become  alive. 

Spallanzani  in  1765  made  known  the  results  of  his  first  work.  He 
had  repeated  the  work  of  Needham  and  improved  on  the  technique.  He 
exercised  greater  care  in  sealing  and  heating  the  flasks,  and  his  results 
did  not  agree  with  Needham’s.  Spallanzani  used  many  types  of  flasks 
and  many  methods  of  sealing  them,  finally  resorting  to  hermetic  sealing. 
As  a  result  he  concluded  that  it  was  not  enough  to  seal  the  vessel 
properly,  but  that  the  included  air  must  also  contain  no  animalcules, 
and  that,  if  such  conditions  existed,  no  growth  would  occur  in  boiled 
infusions.  He  tried  other  methods  such  as  diluting  broth  until  a  single 
drop  contained  only  a  few  microbes  and  observed  them  divide  until 
the  drop  was  cloudy.  For  this  he  is  credited  with  being  the  first  to 
observe  microbial  division.  Needham  replied  that  the  heating  destroyed 
the  vegetative  forces,  and  the  controversy  continued. 

Schulze  in  1836  conducted  an  experiment  that  showed  the  relation 
of  air  to  the  doctrine  of  spontaneous  generation.  Fie  boiled  an  infusion, 
and  while  the  steam  was  coming  from  two  tubes  that  passed  through 
the  cork  seal  of  the  flask,  attached  the  tubes  to  bulbs,  one  containing 
sulfuric  acid  and  the  other  caustic  potash.  From  May  to  August  air  was 
pulled  into  the  infusion  flask  through  the  acid,  but  the  infusion  remained 
sterile  until  it  was  finally  directly  exposed  to  the  air.  The  air  in  the 
flask  was  thus  shown  not  to  cause  growth.  Attempts  by  others  to  repeat 
the  work  failed.  Tyndall  also  became  interested  in  the  question  and 
found  that  in  the  absence  of  dust  particles  infusions  remained  sterile. 

Other  and  more  elaborate  experiments  were  conducted  by  many  whose 
curiosity  was  stimulated  by  the  debate.  Attempts  to  refute  Spallanzani 
and  Schulze  were  made  by  many,  especially  Pouchet  (1859).  Pasteur 
became  interested  in  the  problem  and  conducted  a  series  of  investigations 
that  refuted  completely  the  theory  of  spontaneous  generation  and  at 
the  same  time  established  principles  of  research  that  made  a  marked 
impression  upon  bacteriological  investigation. 

Pasteur  demonstrated  that  air  contained  germs  by  means  of  filtering 
it  through  cotton-wool.  The  microorganisms  were  deposited  and  a  single 
fiber,  when  dropped  in  a  sterile  nutrient  fluid  would  bring  about  rapid 
growth.  After  showing  that  germs  or  microbes  existed  in  air,  Pasteur 
proceeded  to  demonstrate  that  boiled  infusions  could  be  kept  sterile  in 
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open  flasks,  provided  the  necks  of  the  flasks  were  drawn  out  and  so  curved 
that  the  dust  or  germs  in  the  air  could  not  ascend  into  the  flask.  Many 
types  of  flasks  were  designed,  but  invariably  the  infusions  remained 
uncontaminated  in  flasks,  the  necks  of  which  caused  the  microbes  to 
settle  out  before  entering  the  flasks  proper.  By  simply  tilting  such  a 
flask  until  the  liquid  entered  the  neck  and  contacted  the  deposited  dust 
and  microbes,  Pasteur  showed  that  contamination  readily  occurred. 

Pasteur’s  work  was  confirmed  by  others  and  disputed  by  some. 
The  problem  of  why  some  sterilized  nutrients  became  contaminated  was 
still  unanswered  until  Cohn  (1876)  recognized  the  spores  of  bacteria, 
discovered  that  they  were  capable  of  germinating  and  that  they  were 
very  heat-resistant.  Tyndall  also  observed  the  spores  and  became  familiar 
with  their  nature  and  their  resistance. 

The  controversy  about  spontaneous  generation  was  finally  refuted 
by  men  who  used  microbes  in  their  experimentation.  The  work  done 
revealed  many  significant  facts  about  the  nature  of  bacteria,  their 
reproduction,  the  resistance  of  the  spore  form  and  about  sterilization  of 
nutrients  and  the  protection  of  sterile  fluids.  Lister  immediately  used 
this  new  information  by  stressing  the  necessity  of  sterilizing  all  glass¬ 
ware  by  heat  and  later  expanded  this  doctrine  for  use  in  surgical 
procedures.  The  controversy  resulted  in  carefully  planned  experiments, 
sharp  criticism,  and  repetition  of  work,  using  the  knowledge  already 
gained.  Such  practices  are  still  dominant  in  investigations  in  the  field 
of  bacteriology. 

FERMENTATION 

Early  recognition  of  the  communicable  nature  of  the  changes  now 
known  as  fermentation  is  indicated  by  Biblical  statements.  It  was  not 
until  the  nineteenth  century,  however,  that  the  process  began  to  be 
understood.  Willis,  in  1659,  approached  a  chemical  explanation  when  he 
explained  the  process  as  an  internal  commotion  of  the  particles  of  the 
fermentable  material.  This  idea  influenced  the  chemistry  and  bacteri¬ 
ology  in  the  following  years  and  is  expressed  often  in  the  literature. 

In  the  first  part  of  the  19tli  century  yeast  was  found  to  be  a  living 
substance.  Cagniard-Latour  in  1836  stated  that  yeast  was  a  living  thing; 
in  the  next  year  he  suggested  that  fermentation  was  the  result  of  yeast 
action.  Schwrann  also  recognized  the  true  nature  of  yeast  and  described 
its  connection  with  fermentation.  They  caused  the  fermentation  of  sugar 
solutions,  according  to  Schwann,  because:  1)  they  were  always  present 
in  the  process,  2)  fermentation  ceased  when  they  were  destroyed,  and 
3)  because  the  fermentation  must  be  due  to  an  agent  that  is  regenerated 
and  increased  in  the  process,  a  condition  attributable  to  living  organisms. 

This  biological  theory  of  fermentation  was  opposed  mainly  by 
chemists  under  the  influence  of  Berzelius,  Wohler,  and  Liebig.  Wohler 
had  synthesized  urea,  previously  fQund  only  in  the  living  body,  and 
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Liebig  was  attributing  a  chemical  character  to  all  vital  processes.  Liebig 
expressed  the  view  that  fermentation  was  due  to  the  instability  of 
substances  which  could  transmit  their  instability  to  other  substances. 
The  ferments  were  the  unstable  substances  that  appeared  as  the  result 
of  changes  in  solutions  exposed  to  air.  Mitscherlick  (1841)  expressed 
the  view  that  yeast  was  necessary  for  fermentation  but  that  it  was  not 
itself  the  effective  agent. 

Pasteur  became  interested  in  fermentation  and  in  1857  reported 
his  first  observations  on  the  process.  In  studying  lactic  fermentation 
he  noted  a  substance  either  deposited  in  or  floating  on  the  surface  of  the 
fermenting  fluids.  Microscopically  this  substance  consisted  of  tiny  glo¬ 
bules  or  short  pieces,  alone  and  in  masses.  A  small  amount  of  this 
substance  would  cause  fermentation  when  placed  in  a  new  sugar  solution, 
and  the  process  could  be  repeated  over  and  over,  with  exactly  the  same 
results.  Pasteur  concluded  that  the  substance  was  living  and  that  the 
fermentation  was  due  to  its  organization  and  growth.  He  also  showed 
that  the  ferment  came  from  the  air,  for,  when  he  used  sterilized  solutions 
and  allowed  only  heated  air  to  enter,  fermentation  did  not  occur.  From 
lactic  fermentation  Pasteur  proceeded  to  study  butyric  and  acetic  fer¬ 
mentations  and  wrote  extensively  of  his  findings.  During  these  studies 
he  recognized  abnormal  processes  that  destroyed  wines  and  evolved 
principles  for  reducing  such  troubles. 

The  idea  that  fermentation  might  not  be  the  result  of  the  vital 
activity  of  these  organisms  was  held  by  some.  Eff  orts  to  demonstrate  the 
presence  of  a  soluble  ferment  or  enzyme  met  with  failure  until  Buchner 
produced  zymase  from  yeast  juice  and  found  that  it  could  cause  alcoholic 
fermentation  of  some  sugar  solutions.  This  was  followed  by  extensive 
work,  some  of  which  confirmed  the  existence  of  a  soluble  ferment  and 
some  of  which  went  even  farther  by  recognizing  that  other  factors, 
such  as  co-enzymes,  were  also  involved. 

The  debate  concerning  the  nature  of  fermentation  was  finally  ended 
by  use  of  bacteriological  techniques.  Of  more  value  perhaps  than  the 
mere  settling  of  a  moot  question  was  the  great  advancement  made  in 
understanding  the  nature  of  the  process,  the  control  of  the  process, 
and  the  recognition  of  aerobic  and  anaerobic  life.  It  was  in  these  studies, 
made  to  satisfy  academic  questions,  that  the  basis  for  industrial  fer¬ 
mentations  was  laid.  The  production  of  alcohols,  organic  acids  and 
glycerol,  the  flavor  and  composition  of  certain  foodstuffs,  the  production 
of  certain  antibiotics,  and  other  processes  of  present-day  industrial 
microbiology  are  the  results  of  the  work  of  such  men  as  Schwann, 
Mitscherlich,  Pasteur,  and  Buchner.  The  proponents  of  the  chemical 
theory  of  fermentation  should  also  receive  some  credit  because  their 
criticisms  stimulated  further  and  more  careful  work  by  the  holders  of 
the  biological  theory. 
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DISEASE 

The  student  of  history  is  acquainted  with  the  fact  that  epidemics 
and  plagues  are  as  ancient  as  written  records.  The  idea  of  contagion  is 
an  old  one,  as  Biblical  references  indicate,  but  the  cause  of  disease  was 
generally  believed  the  result  of  action  of  supernatural  agencies.  This 
belief  gave  way  to  the  conviction  that  natural  causes  such  as  comets, 
floods,  earthquakes,  and  air  changes  gave  rise  to  epidemics.  Some  men 
thought,  however,  that  disease  could  be  contracted  by  touch  and  that  the 
agent  or  principle  was  in  the  clothing.  Francastoro  (1483-1553)  ex¬ 
plained  contagion  by  suggesting  the  existence  of  seeds  of  infection 
which  could  be  passed  from  one  person  to  another.  He  also  described 
epidemics  that  occurred  in  his  time  and  apparently  recognized  the 
immune  state  that  exists  after  attacks  of  measles  and  smallpox. 

The  ideas  of  Francastoro  and  others  who  supported  the  contagion 
theory  were  lost,  and  it  was  not  until  Leeuwenhoek’s  discovery  of  the 
bacteria  that  the  old  belief  that  certain  diseases  might  be  caused  by 
invisible  living  agents  was  revived.  Martin  in  1720  expressed  views  on 
the  cause  of  consumption  that  approximated  today’s  facts.  Plenciz,  who 
in  1762  discussed  the  transmission  of  diseases  by  contacts,  fomites,  and 
through  the  air,  stated  that  he  believed  in  the  doctrine  of  contagion  and 
that  there  was  specificity  to  the  living  causes  of  diseases.  He  had  no 
experimental  proof,  but  his  ideas  were  basically  sound.  In  spite  of  the 
theorizing  of  Martin,  Plenciz  and  others,  and  of  the  recognition  of 
bacteria  on  every  hand,  the  actual  demonstration  of  a  microscopic  living 
agent  as  a  cause  of  disease  wras  not  accomplished  until  the  first  third  of 
the  nineteenth  century. 

Bassi  (1835)  was  not  a  scientist  but  a  lawyer,  plagued  by  poverty 
and  ill  health,  yet  he  demonstrated  that  a  disease  of  silk  worms  was 
due  to  a  parasitic  fungus.  He  demonstrated  its  transmissibility  by  taking 
subdermal  tissue  from  diseased  worms  that  had  been  passed  through  a 
flame  and  producing  the  disease  in  healthy  worms  by  introducing  the 
diseased  tissue.  This  wrork  was  confirmed  by  others,  and  Vittadini 
(1852)  cultivated  the  fungus  on  various  media.  Bassi,  because  of  his 
poor  health,  had  to  stop  experimentation  but  continued  to  develop  his 
theory  of  contagion.  Other  work  followed  such  as  that  of  Donne',  who 
in  1837  found  spirochetes  and  bacteria  in  the  secretions  of  the  genital 
tracts  of  men  and  women.  Such  observations  led  to  the  microscopic 
examination  of  many  products  derived  from  the  sick;  and  fungi,  yeast, 
and  molds  from  many  sources  were  recorded.  At  about  this  time  a 
cholera  epidemic  appeared,  and,  although  microscopic  examinations  were 
made,  the  specific  agent  was  apparently  not  recognized.  Snow  in  1849, 
however,  accurately  related  the  disease  to  the  water  supply,  and  later 
(1854)  his  views  gained  ground  when  he  traced  an  outbreak  to  a  specific 
pump  where  he  found  evidence  of  contamination.  The  fungus  theory  of 
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the  cause  of  disease  gained  little  headway,  but  considerable  information 
was  acquired  about  their  growth  and  life-cycles.  The  alternation  in  the 
generations  of  fungi  observed  led  to  the  conclusion  that  bacteria  also 
exhibited  the  same  pleomorphism. 

During  the  middle  and  latter  part  of  the  nineteenth  century  the 
bacterial  cause  of  certain  diseases  was  recognized.  Rayer  (1850)  re¬ 
ported  the  observation  of  microscopic  bodies  in  a  sheep  dead  from 
anthrax,  although  Davaine  probably  first  saw  them.  Pollender  described 
the  same  bodies  and  found  them  also  in  the  spleen  in  great  abundance. 
Brauell,  in  1857  and  1858,  confirmed  these  findings,  and,  through  a 
series  of  inoculations  with  anthrax  blood,  was  able  to  carry  the  disease 
serially  from  man  to  sheep,  to  horse,  to  horse.  Davaine  in  further 
studies  confirmed  its  transmissibility  and  also  demonstrated  that  only 
minute  amounts  of  blood  were  needed  for  transmission.  This  work 
supported  the  germ  theory,  but  it  was  opposed  by  some  who  considered 
the  bacteria  observed  to  be  stages  in  the  life  cycles  of  fungi. 

Koch,  a  German  physician,  announced  to  Cohn  in  1876  that  he  had 
discovered  the  life  cycle  of  anthrax.  Koch  demonstrated  that  the  anthrax 
bacilli  grew  to  filaments  and  that  bodies  formed  inside  the  filaments, 
which  he  recognized  as  spores,  and  that  the  spores  would  again  grow 
into  rods.  He  was  able  to  transmit  anthrax  with  uniformity  through 
generations  of  mice.  Koch  also  showed  that  anthrax  was  different  from 
other  diseases  and  concluded  that  only  one  kind  of  organism  could  cause 
it  and  that  others,  if  pathogenic,  wrould  act  in  a  different  manner.  Pasteur 
became  interested  in  anthrox,  and  bacterial  research  at  this  time  took 
two  dirctions :  Koch  took  the  one  of  bacterial  isolation,  cultivation,  and 
improvements  of  techniques ;  Pasteur  and  his  colleagues  pursued  the  study 
of  ways  in  which  infectious  diseases  are  produced  and  mechanisms  of 
recovery. 

Koch’s  work  resulted  in  the  improvement  of  techniques  of  staining 
and  cultivation,  and,  as  he  improved  methods,  fundamental  advances 
were  the  result.  He  made  many  discoveries,  but  none  that  attracted  more 
attention  than  the  discovery  of  the  tubercle  bacillus.  At  the  reporting  of 
this  discovery  he  also  announced  his  postulates  that  have  influenced 
bacteriological  research  to  this  day. 

In  the  years  that  followed  Koch’s  work  on  anthrax,  the  results  of 
many  investigations  were  reported  very  rapidly.  The  germ-theory  was 
firmly  established,  etiological  discoveries  were  being  made  in  all  countries, 
and  great  technical  advances  were  made.  Filtration  of  bacterial  suspen¬ 
sions  was  introduced  so  that  filtrates,  free  from  organisms,  could  be 
tested  for  toxicity.  The  failure  of  paper,  porous  clay,  and  asbestos  to 
retain  bacteria  lead  Chamberland  in  1884  to  make  a  bacteria-retaining 
filter  of  unglazed  porcelain.  Other  filters  appeared,  but  soon  unexpected 
results  were  obtained.  Iwanowski  in  1890  showed  that  the  ultramicro- 
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scopic  agent  of  tobacco  mosaic  was  present  in  the  filtered  juice  of 
diseased  leaves.  This  was  confirmed  by  Beijerinch,  and  a  few  years  later 
the  cause  of  foot  and  mouth  disease  was  shown  also  to  be  a  filterable 
agent.  These  findings  opened  new  vistas  in  the  field  of  infectious  agents 
responsible  for  disease;  the  field  of  virology  in  which  many  fascinating 
discoveries  have  appeared  and  which  now  is  considered  by  many  as 
independent. 

Bacteriology  has  another  offspring,  immunology,  which,  like  its 
parent,  has  an  interesting  history.  Jenner  in  1798  reported  the  results 
of  his  studies  of  the  immunity  to  smallpox  shown  by  milk  maids  who  had 
been  infected  with  cowpox.  and  established  the  principle  of  active  im¬ 
munization  against  this  disease  even  before  its  etiological  agent  was 
known.  Pasteur,  around  1877,  found  that  chickens  inoculated  with  old 
cultures  of  the  organism  of  fowl  cholera  recovered  after  a  mild  illness. 
He  immediately  recognized  the  relation  of  his  work  to  immunity  against 
smallpox  and  gave  the  name  vaccine  to  the  various  altered  or  attenuated 
organisms  used  to  immunize  against  many  bacterial  diseases.  Smith  and 
Salmon  between  1884  and  1886  showed  that  it  was  possible  to  produce 
immunity  with  killed  organisms,  thus  avoiding  the  dangers  of  living, 
attenuated  organisms.  Pasteur’s  continued  work  resulted  in  the  develop¬ 
ment  of  his  well-known  treatment  for  persons  exposed  to  rabies. 

Two  ideas  of  the  basis  of  immunity  developed.  One  held  that  the 
protection  was  due  to  the  action  of  the  blood  and  tissue  fluids,  while  the 
other  regarded  certain  cells  as  the  means  of  defense  against  infection. 
Both  doctrines  contained  much  truth,  but  this  initial  controversy  gave 
birth  to  the  sciences  of  immunology  and  serology,  which,  although  closely 
allied  to  bacteriology,  are  perhaps  better  classified  as  subdivisions  in  the 
sciences  of  biochemistry  and  physiology. 

Scientists’  innate  desire  to  investigate  the  things  that  interest  them 
led  to  the  discovery  of  the  causes  of  many  specific  diseases.  In  addition 
to  satisfying  academic  curiosity,  bacteriological  discoveries  concerning 
infectious  disease  agents  have  been  of  inestimable  benefit  to  man.  The 
systematic  approach  in  the  formulation  of  ideas,  in  the  scientific  testing 
of  ideas,  and  the  critical  review  of  the  results  by  the  workers  themselves 
and  those  who  opposed  their  theories  led  to  unbelievable  progress. 
Present-day  bacteriology  is  simply  an  extension  of  the  principles  estab¬ 
lished  by  Pasteur,  Koch,  and  others.  To  attempt  to  measure  all  the  in¬ 
fluence  that  these  men  had  on  the  growth  of  bacteriology  and  methods 
of  research  is  as  impossible  as  to  cite  all  the  benefits  that  mankind  has 
derived  from  their  work. 

CLASSIFICATION 

The  early  microscopists  made  little  or  no  attempt  to  classify  the 
animalcules  that  were  found  by  Leeuwenhoek  and  Joblot.  Linne'  in  his 
work  grouped  them  under  the  term  “Vermes”  and  in  a  class  which  he 
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called  ‘chaos’.  One  species  of  the  latter  was  ‘infusoria’.  Muller  made  the 
first  attempt  to  classify  the  infusoria,  which  he  divided  into  two  genera, 
Monas  and  Vibrio.  Ehrenberg  expanded  and  altered  Muller’s  classification 
and  included  22  families,  only  three  of  which  are  considered  of  bac¬ 
teriological  interest. 

Cohn,  a  botanist,  in  a  publication  (1854)  suggested  that  Ehren- 
berg’s  Vibrionia  family,  because  it  resembled  algae  more  than  it  resem¬ 
bled  members  of  the  animal  kingdom,  should  be  put  in  the  vegetable 
kingdom.  Cohn  believed  that  bacteria  could  be  classified  in  genera  and 
species  because  his  studies  revealed  a  constancy  in  form  in  spite  of 
environmental  differences.  He  pointed  out,  however,  that  classification 
on  a  morphological  basis  was  not  enough,  since  similar  forms  may  vary 
in  physiological  activities.  The  acuteness  and  correctness  of  this  obser¬ 
vation  is  well  recognized  by  the  modern  bacteriologist.  Cohn  studied  all 
the  known  bacteria  of  his  time  and  conducted,  in  addition,  experiments 
on  bacterial  metabolism. 

The  pleomorphic  theory  of  bacteria  was  hard  to  dispose  of,  and 
many  opposed  Cohn’s  views  that  the  bacteria  formed  a  compact  group. 
The  doctrine  of  the  constancy  of  morphological  form  was  challenged, 
and  experiments  were  designed  to  show  that  each  bacterium  existed  in 
several  morphological  and  physiological  forms.  Buchner  (1882),  for 
example,  reported  the  changing  of  B.  subtilis  to  B.  antliracis  by  shaking 
the  organisms  at  various  temperatures.  Cohn,  in  answering  the  criticisms, 
extended  his  investigations  and  his  enormous  accomplishments  did  much 
to  bring  order  out  of  the  confusion. 

Classification  is  a  continuous  process  and  even  today  there  is  no 
system  that  is  complete  or  entirely  acceptable.  The  excellent  work  of 
the  early  men,  however,  furnished  the  basis  and  as  a  result  of  their 
efforts  bacteriology  emerged  as  a  definite  science. 

ADDENDUM 

No  attempt  has  been  made  in  this  account  to  recognize  more  than 
a  few  of  the  men  and  a  part  of  the  work  that  contributed  to  the 
founding  and  development  of  bacteriology  as  a  science.  Those  intimately 
familiar  with  the  field  will  recognize  the  omission  of  important  men 
and  findings.  Instead  I  have  endeavored  to  show  the  general  trends  of 
development  through  the  work  of  characteristic  figures.  From  its  early, 
tentative  experimentation,  we  have  seen  develop  a  systematic  approach 
to  bacteriological  problems,  superior  in  its  planning,  critical  in  its  analy¬ 
sis,  and  constantly  improving  in  its  techniques,  but  always  based  firmly 
on  principles  established  by  the  giants  in  the  field.  To  the  reader  the 
figures  of  the  great  explorers  are  plain  and  the  importance — not  only 
to  their  own,  but  to  other  sciences  and  to  himself — of  their  discoveries 
is  apparent. 

In  a  paper  of  this  nature  it  is  possible  to  examine  but  a  few,  if  any, 
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of  the  original  papers  and  reliance  must  be  placed  on  the  extensive 
writings  of  others.  To  these  authors  we  give  due  credit,  and  for  those 
readers  who  may  wish  to  examine  the  material  used  or  who  desire 
further  reading  these  references  are  cited. 
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Isolation  of  a  Virus  Causing  Granulosis  in  the 
Red-Banded  Leaf  Roller1 

Harrietts  Block  Wasser  and  Edward  A.  Steinhaus 
University  of  California,  Berkeley 

In  December,  1949,  onr  laboratory  received  for  diagnosis  diseased 
larvae  of  the  red-banded  leaf  roller,  Argyrotaenia  velutinana  (Walker), 
from  Dr.  W.  J.  Schoene  and  Miss  Nannie  V.  Sibold  of  the  Virginia 
Agricultural  Experiment  Station  at  Blacksburg,  Virginia.  The  deceased 
larvae  had  been  observed  during  the  course  of  life  history  studies  on  the 
insect.  The  green  or  yellow-green  color  of  healthy  larvae  had  become 
less  intense  in  diseased  individuals  which  usually  assumed  a  straw-colored 
to  whitish  aspect.  Microscopic  examinations  of  the  body  contents  of  the 
infected  insects  revealed  the  presence  of  large  numbers  of  minute  gran¬ 
ules.  Such  granular  inclusions  are  characteristic  of  the  virus  diseases  of 
insects  known  as  “granuloses'’  (see  Steinhaus,  1949«,  p.  500).  This 
diagnostic  report  has  been  included  in  a  paper  by  Sibold  (1950)  re¬ 
cently  published  in  this  journal. 

In  July  and  August,  1950,  more  diseased  larvae  were  obtained  from 
Miss  Sibold.  Examinations  with  the  light  microscope  as  well  as  with  the 
electron  microscope  again  indicated  that  the  insects  were  infected  with 
a  granulosis  virus.  With  this  additional  diseased  material  a  more  careful 
study  of  the  virus  was  made,  including  its  isolation  and  measurement. 

Electron  micrographs  of  the  granular  inclusions,  after  they  had  been 
separated  from  the  fatty  tissue  and  washed  (figs.  A  and  B),  showed 
them  to  be  bodies  somewhat  ovoid  in  shape  and  similar  in  their  general 
appearance  to  those  that  have  been  described  in  other  granuloses  (Stein¬ 
haus.,  19496.)  The  average  size  of  the  granules  was  approximately  160 
millimicrons  wide  by  315  millimicrons  long. 

To  obtain  the  virus  particles  themselves,  the  granules  were  treated 
with  0.04  M  Na^COs  in  0.05  M  NaCl  for  3.5  hours  at  room  temperature 
(approximately  25°  C. ) .  The  material  was  then  centrifuged  in  a  Servall 
centrifuge  at  10,000  rpm  (11,800  g)  for  1  hour,  after  which  the  sediment 
was  taken  up  in  water  and  recentrifuged  in  a  Spinco  centrifuge  at  10,000 
rpm.  (8,998  g)  for  30  minutes.  The  sediment  was  resuspended  in  water 
and  this  time  centrifuged  at  40,000  rpm  (144,000  g)  for  1  hour  after 
which  mounts  were  made  for  the  electron  microscope  examination  of  the 
sediment. 

The  isolated  virus  appeared  as  single  rods  (one  rod  apparently  en¬ 
closed  within  each  granular  inclusion  body),  approximately  50  by  250 
millimicrons  in  size.  Most  of  the  rods  in  the  preparations  examined 
appeared  to  be  somewhat  curved,  although  others  were  straight.  This 
curvature  probably  represents  varying  degrees  of  “unfolding”  of  the 
rod  from  the  completely  bent  position  represented  by  the  small  oval- 

1  Contribution  from  the  Laboratory  of  Insect  Pathology,  Division  of  Biologi¬ 
cal  Control,  College  of  Agriculture,  University  of  California,  Berkeley. 
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appearing  bodies  seen  in  the  same  preparation  (figs.  C  and  D).  Un¬ 
fortunately,  printed  half  tone  reproductions  do  not  show  the  bent,  horse¬ 
shoe  effect  with  the  clarity  that  it  may  be  seen  in  the  original  photo¬ 
graphic  plates.  Even  though  all  indications  are  that  the  bent  rods  were 
in  the  process  of  unfolding,  actually  we  have  no  conclusive  proof  that 
in  this  instance  they  were  not  in  the  process  of  folding. 

The  possible  presence  of  a  membrane  surrounding  each  of  the  virus 
particles  is  suggested  in  some  of  the  electron  micrograph  preparations 
(see  fig.  E).  What  are  apparently  empty  membranes  may  also  be  seen. 
These  observations,  as  well  as  those  described  in  the  preceding  para¬ 
graph,  to  some  extent  confirm  certain  of  the  observations  of  this  nature 
made  recentty  by  Bergold  (1950). 

Infectivity  tests  using  those  insect  hosts  (the  variegated  cutworm, 
Peridroma  margaritosa  (Haw.)  ;  the  buckeye  caterpillar,  Junonia  coenia 
Hbn. ;  the  salt-marsh  caterpillar,  Estigmene  acraea  (Drury);  and  the 
omnivorous  looper,  Sabulodes  caberata  (Guene)  in  which  other  granu¬ 
losis  viruses  have  been  found  in  this  laboratory  showed  no  susceptibility 
to  the  virus  isolated  from  the  red-banded  leaf  roller. 

In  accordance  with  proposals  recently  advanced  (Steinhaus,  1949b) 
regarding  the  systematics  of  the  insect  viruses,  the  virus  we  have  just 
described  belongs  to  the  genus  Bergoldia.  The  name  Bergoldia  clisto- 
rhabdion  n.  sp.  (Gr.  kleiostos  —  enclosed  +  rhabdion  =  a  little  rod)  is 
hereby  proposed  for  it.  The  type  strain  of  this  virus  has  been  deposited 
with  the  American  Type  Culture  Collection. 
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LEGENDS 

Plate  I 

Electron  micrographs  of  granules  and  virus  particles  ( Bergoldia 
distorhabdion  n.  sp.)  from  infected  larvae  of  the  red-banded  leaf  roller, 
Argyroiaenia  velutinana  (Walker).  Palladium  shadowed.  Magnification 
approximately  23,000  X. 

Fig.  A.  Granular  inclusions  prior  to  being  washed  free  of  adhering 
material. 

Fig.  B.  Granular  inclusions  after  being  separated  from  the  fatty 
tissue  of  the  host  and  washed  by  repeated  centrifugation  in 
distilled  water. 
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Figs.  C.  and  D.  Virus  particles  freed  of  granular  material  by  treat¬ 
ment  with  sodium  carbonate.  Some  of  the  forms  shown  rep¬ 
resent  those  observed  during  what  appears  to  be  an  “un¬ 
folding”  of  the  isolated  rods. 

Fig.  E.  Forms  suggesting  the  possible  presence  of  a  membrane  sur¬ 
rounding  each  of  the  virus  particles.  What  may  be  empty 
membranes  may  be  seen  in  the  upper  right  hand  corner  of 
the  photograph  and  near  the  left  of  center. 
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Prediction  of  Subsonic  Pressure  Distributions 
By  The  Sound-Space  Theory 

Robert  Wesley  Truitt 
North  Carolina  State  College 

INTRODUCTION 

Analogous  to  the  Special  Theory  of  Relativity,  a  new  approach  to 
subsonic  compressible  flow  has  been  introduced  (Truitt,  1949)  involv¬ 
ing  the  relations  of  space  and  time  between  the  compressible  and  in¬ 
compressible  planes.  The  theory  utilizes  the  concept  of  the  sound-space 
(ibid.)  where  the  speed  of  sound  plays  the  role  of  a  universal  constant 
analogous  to  the  speed  of  light  in  the  Theory  of  Relativity.  Relativistic 
equations  for  mass,  momentum,  and  energy  of  the  air  are  found  as  are 
body  contractions  which  are  in  the  form  of  the  Prandtl-Glauert  contrac¬ 
tions  but  are  basically  different.  Although  the  expression  for  the  body 
contraction  is  of  the  Prandtl-Glauert  form,  it  is  importantly  different 
because  the  theory  shows  that  there  are  local  contractions  which  are  a 
function  of  the  local  Mach  number  rather  than  the  free-stream  Mach 
number. 

This  paper  is  concerned  with  one  of  the  simpler  results  of  the 
Sound-Space  Theory,  namely  the  relations  between  the  compressible  and 
incompressible  pressure  coefficients.  The  concept  of  “local  reference 
frames”  (Truitt,  1949)  enables  one  to  calculate  easily  the  “local”  pres¬ 
sure  coefficient  on  the  surface  of  a  body  at  any  given  free-stream  Mach 
number  less  than  the  critical,  provided  the  incompressible  (M  =  O)  pres¬ 
sure  distribution  is  known.  In  calculating  the  pressure  distribution  for 
a  desired  free-stream  Mach  number,  there  cannot  be  any  point  where 
the  local  Mach  number  of  unity  has  been  reached  since  the  expression 
for  the  local  compressible  pressure  coefficient  is  undefined  at  that  point. 

The  Prandtl-Glauert  and  the  Karman-Tsien  (Liepmann,  et  al, 
1947)  relations  between  the  compressible  and  incompressible  pressure 
coefficients  have  been  used  to  calculate  the  compressibility  effects  for 
given  free-stream  Mach  numbers  for  an  NACA  airfoil  for  which  re¬ 
liable  experimental  pressure  distributions  were  known.  These  calcu¬ 
lated  results  have  been  plotted  along  with  those  predicted  by  the  Sound- 
Space  Theory  and  it  appears  that  the  latter  predicts  the  experimental 
pressure  distribution  with  greater  accuracy. 

The  simplicity  of  the  Sound-Space  calculations  in  predicting  the 
pressure  distribution  over  a  body  and  the  closer  agreement  with  experi- 
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merit,  particularly  over  the  nose  of  the  airfoil  and  especially  over  the 
entire  lower  surface,  make  this  method  of  solution  highly  desirable. 

Notations 

M  =  free  stream  Mach  number 
Mi  =  local  Sound-space  Mach  number 
V  =  velocity  of  the  free-stream 
c  =  speed  of  sound 
p  =  static  pressure  in  the  free-stream 
pi  =  local  static  pressure  (as  at  airfoil  surface) 

P  =  pressure  coefficient,  p  —  pi/  q  (the  ordinate 
of  the  pressure  distribution  diagram) 
ds  =  straight-line  segment  of  a  body  surface  in 
direction  of  flow  (unit  thickness  span- 
wise) 

Fn  =  normal  pressure  force 
q  =  dynamic  pressure 
t  =  time 

Subscripts 

comp  =  compressible 
i  —  incompressible 
1  =  local 
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THEORETICAL  CONSIDERATIONS 

Preliminary  results  of  the  Sound-Space  Theory  (Truitt,  1949) 
show  that  the  apparent  contraction  of  a  straight-line  portion  (local 
reference  frame)  of  a  surface  in  a  steady  flow  is  of  the  magnitude 

(Fig-  I)  _ 

(1)  (ds)  comp  =  (ds)iV  1  -  (V/c)  * 

The  time  relations  between  the  compressible  and  incompressible  plane 
are  also  found  in  the  form: 

(2)  (t)  comp  —  (t)  i  ~\/  2  —  (V/c) 

These  relations  of  space  and  time  between  the  compressible  and 
incompressible  planes  are  then  used  in  the  same  manner  as  in  the  Special 
Theory  of  Relativity  (Synge,  et  al,  1942)  to  find  the  relations  of  mass 
density  of  the  air: 

(3)  P  comp  —  /  . — . -  — 

Vi  _  (V/c)2 

1 

This  expression  reveals  that  the  apparent  mass  in  the  compressible  case 

is  multiplied  by  the  factor  —  V/c)  ^  J  /  It  should  be  noted  that 

this  means  that  over  a  body,  such  as  an  airfoil,  where  the  local  Sound- 
space  Mach  number,  (V/c)i  is  different  for  different  points  along  the 
surface,  the  magnitude  of  the  apparent  density  is  different.  Obviously, 
the  apparent  contraction  of  a  surface  element  as  expressed  in  (1)  is  like¬ 
wise  a  function  of  local  Mach  number.  This  is  the  essential  and  import¬ 
ant  difference  in  the  results  of  the  Sound-Space  as  compared  to  the 
Prandtl-Glauert  relations  with  respect  to  contractions.  It  should  be  noted 
that  Eq.  (3)  is  new  since  only  by  using  the  relativistic  Eqs.  (1)  and  (2) 
could  this  relation  between  the  compressible  and  incompressible  planes 
be  derived. 

The  local  density  relation  (3)  can  now  be  used  to  find  the  relation 
between  the  pressure  forces  on  an  infinitesimal  surface  element,  ds,  for 
a  compressible  and  an  incompressible  fluid.  For  the  same  fluid  element, 
ds,  and  the  velocity  over  this  element  the  same  in  both  the  compress¬ 
ible  and  incompressible  case,  the  pressure  forces  have,  according  to  (3), 
the  relation 

(dFn)  i 

(4)  (dF„)  cm.  =  Y 

This  means  that  the  pressure  force  on  an  elemental  surface  is  pro¬ 
portional  to  the  dynamic  pressure  and,  since  the  velocities  are  the  same 
for  both  cases,  the  relation  between  pressure  forces  is  not  the  same  as 
for  the  density  relations. 
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The  local  pressure,  forces  are,  of  course,  directly  proportional  to  the 
local  pressure  coefficients  corresponding  to  the  compressible  and  incom¬ 
pressible  case  and  therefore,  the  pressure  coefficient  relation  may  be 
written  as 


(5)  (PcOmp)l  —  / - 2 

V  1  _  (Y/c) 

1 

The  relation  (5)  then  becomes  the  simple  tool  with  which  the  pressure 


Figure  2.  Pressure  .Coefficient  vs.  Free-Stream  Mach  Number  NACA 
4412  Airfoil,  P  @  30%  Chord,  Upper  Surface,  a  =  —  2°. 


98 


The  Virginia  Journal  of  Science 


[April 


distribution  for  a  given  free  stream  Mach  number  (below  the  critical 
Mach  number)  can  be  calculated. 

A  question  may  arise  at  this  point  as  to  why  the  density  relations 
were  used  instead  of  the  contraction  Eq.  (1)  as  is  done  in  the  classical 
solution  of  Glauert  (1927).  Actually  the  result  (4)  could  not  have  been 
derived  by  the  classical  methods.  The  Sound-Space  results  (4)  and  (5) 
are  not  only  new  but  the  density  relations  allow  a  more  straightforward 
solution.  The  reason  for  this  is  that  the  apparent  contractions  are 
merely  a  step  to  deriving  the  more  significant  relations  of  mass  density. 

INCOMPRESSIBLE  PRESSURE  DISTRIBUTION 
To  calculate  the  pressure  distribution  for  a  given  free  stream  Mach 
number,  using  Eq.  (5),  it  is  necessary  to  have  the  experimental  pressure 
distribution  for  a  free  stream  Mach  number  as  near  to  zero  as  possible. 


METHOD  OF  PREDICTING  COMPRESSIBLE 
PRESSURE  DISTRIBUTION 


'  The  method  of  calculating  the  desired  pressure  distribution  over  a 
body  is  given  in  step  form  as  follows: 

(1)  Calculate  the  maximum  local  Mach  number  on  the  surface  of  the 
body  from  the  low-speed  experimental  pressure  distribution  to  as¬ 
certain  that  no  appreciable  compressibility  effects  are  present.  A 
maximum  local  Mach  number  less  than  0.2  is  considered  satisfactory. 
The  value  of  the  local  Mach  number  can  be  obtained  from  the 
equation 


2 

0  +  7  2  ) 

7/7  —  1 " 

7M2 

( 1  4-  7  _  1  M  2 

-  1 

_ 

l  2  J 

(2) 


Choose  the  free  stream  Mach  number,  less  than  the  critical,  for 
which  the  pressure  distribution  is  desired  and  set  up  Eq.  (6).  For 
example,  suppose  the  pressure  distribution  is  to  be  calculated  for  a 
free  stream  Mach  number  of  M  =  0.534.  Then  the  Eq.  (6)  is 


(7)  M‘  i  5 


f  1.057 

,  1 

L (0.1995  (Pi)!  +  1)  °'£S6 

-  1  1 

Pick  off  successive  values  of  the  local  low-speed  pressure  coefficients, 
(Pi)i  over  the  upper  and  lower  surfaces  of  the  body  at  sufficiently 
close  intervals  to  allow  a  smooth  plot  and  calculate  the  local  Sound- 
Space  Mach  number  squared,  (V/c)2i. 

(3)  Calculate  the  corresponding  local  compressible  pressure  coefficients 
by  substituting  the  values  of  the  local  incompressible  (low-speed) 
pressure  coefficients  together  with  the  corresponding  local  Sound- 
Space  Mach  number  squared  into  Eq.  (5). 
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(4)  In  calculating  a  sufficiently  large  number  of  points  over  the  sur¬ 
face  of  the  body,,  particularly  over  the  nose-section,  a  better  defined 
pressure  distribution  can  be  plotted  and  any  irregularities  can  be 
quickly  identified  as  probable  calculation  errors. 


An  inspection  of  Fig.  II  reveals  the  accuracy  of  the  Sound-Space 
method  outlined  above  in  predicting  the  maximum  negative  pressure  co- 
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efficient  of  the  NACA  4412  airfoil  at  —2°  angle  of  attack.  The  theory 
predicts  exactly  the  experimental  results  up  to  a  free-stream  Mach 
number  of  0.3  For  higher  free-stream  Mach  numbers  the  Sound-Space 
Theory  predicts  slightly  higher  maximum  negative  pressure  coefficients 
than  the  experimental  values  show.  This  is  to  be  expected  since  the 
theory  assumes  steady  flow  throughout  and  in  reality  there  were  local 
shock  disturbances  as  the  critical  free-stream  Mach  number  was  ap¬ 
proached. 

In  general  the  theory  appears  to  predict  closer  to  the  experimental 
values  for  incompressible  pressure  coefficients  that  are  relatively  large. 
It  is  believed  that  this  is  the  reason  for  the  excellent  agreement  with  ex¬ 
periment  over  the  nose-section  of  the  airfoil  where  the  local  pressure 
coefficients  are  large  even  for  the  incompressible  case. 

A  complete  pressure  distribution  for  the  NACA  4412  airfoil  has 
been  calculated  for  a  free-stream  Mach  number  of  .498  by  the  Sound- 
Space  method  as  outlined  above  (Fig.  III).  The  low-speed  experimental 
data,  from  which  these  pressure  distributions  were  calculated  was  for  a 
free-stream  Mach  number  of  0.1.  An  examination  of  the  calculated  pres¬ 
sure  distribution  for  a  free-stream  Mach  number  of  0.498,  Fig.  Ill, 
shows  almost  complete  agreement  with  the  experimental  values.  The 
Calculated  values  disagree  slightly  for  both  the  upper  and  lower  sur¬ 
face  in  the  region  from  15  percent  to  30  percent  chord  positions.  For 
free-stream  Mach  numbers  of  0.534,  and  0.603,  the  calculated  values  in 
this  region  appear  to  overestimate  the  effects  of  compressibility  on  the 
upper  surface  and  underestimate  them  on  the  lower.  In  both  cases, 
however,  there  is  considerably  better  agreement  with  experiment  for  the 
Sound-Space  Theory  than  for  other  methods. 

CONCLUSIONS 

It  is  of  utmost  importance  to  note  that  the  Sound-Space  approach 
to  subsonic  compressibility  effects  is  an  exact  solution  to  the  problem 
of  calculating  the  subsonic  pressure  distribution.  The  Eq.  (5)  was  de¬ 
rived  on  the  basis  of  relativity  principles,  and  nowhere  in  the  analysis 
was  it  necessary  to  make  any  simplifying  assumptions  such  as  small 
perturbations,  etc. 

The  validity  of  the  physical  principles  upon  which  the  Sound- 
Space  Theory  was  founded  and  the  consequent  exact  solution  to  the 
problem  of  subsonic  compressibility  effects  should  signify  an  import¬ 
ant  advance  to  the  better  understanding  of  compressible  fluid  phenomena. 
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GASTROPHYRNE  CAROLINENSIS  CAROLINENSIS  (HOL¬ 
BROOK)  IN  SOUTHWESTERN  VIRGINIA.— Bailey  (Copeia, 
1936,  no.  2,  p.  115),  in  reporting  Gastrophyrne  c.  carolinensis  in  north¬ 
eastern  Tennessee,  suggested  that  the  species  should  be  found  also  in 
southwestern  Virginia.  On  June  21,  1950,  while  driving  between  Jones- 
ville  and  Cumberland  Gap,  Lee  County,  Virginia,  we  heard  the  unmis¬ 
takable  calls  of  this  frog  in  ponds  adjacent  to  the  road  (U.  S.  Hv.  58) 
4.5  miles  west  of  Jones ville.  A  search  for  calling  individuals  was  un¬ 
successful,  but  a  series  of  fifteen  specimens  was  secured  by  turning 
slabs  of  limestone  near  the  edge  of  one  of  the  ponds.  The  locality  at 
which  the  collection  was  made  is  in  the  valley  of  the  Powell  River  in 
the  upper  Tennessee  drainage  basin.  The  ponds  occupied  sinkhole  de¬ 
pressions  in  treeless,  grassy  pastureland,  with  several  limestone  outcrops 
forming  small  ledges.  It  had  been  raining  during  the  day  that  these 
specimens  were  collected,  and  also  the  previous  day.  In  driving  north 
from  Elizabethton,  Tennessee,  we  had  heard  Gastrophyrne  near  Bluff 
City — one  of  the  localities  reported  by  Bailey. 

Although  G.  c.  carolinensis  is  known  to  occur  in  the  Coastal  Plain 
and  lower  Piedmont  in  Virginia,  our  Lee  County  locality  constitutes 
the  first  record  for  this  species  in  the  Great  Valley  in  the  southwestern 
part  of  the  State.  Gastrophyrne  is  still  to  be  looked  for  in  Scott  and 
Washington  counties,  both  of  which  are  geographically  and  altitudinally 
closer  to  the  Tennessee  localities  than  is  central  Lee  County. — James 
A.  Fowler,  Academy  of  Natural  Sciences,  Philadelphia,  Pa .,  and 
Richard  L.  Hoffman,  Clifton  Forge,  Va. 
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The  Life  History  of  Gerris  C analiculatus  Say  In 
Virginia  ( Hemiptera :  Gerridae )  ’ 

Marvin  L.  Bobb 

Miller  School  of  Biology,  University  of  Virginia,  and  Virginia 
Agricultural  Experiment  Station 

The  members  of  the  family  Gerridae,  or  “waterstriders,”  are  among 
the  most  familiar  inhabitants  of  our  ponds  and  pools,  but  the  life  histories 
of  only  a  few  of  the  species  have  been  studied.  When  these  studies  on 
Gerris  canaliculatus  (Say,  1832)  were  made,  no  published  data  were 
available  on  the  life  history  of  this  species,  but  recently  Penn  and 
Goldsmith  (1950)  have  published  a  brief  account  of  the  cycle  of  canali¬ 
culatus  in  Louisiana.  No  mention  was  made,  however,  of  the  number  of 
generations  per  year  although  they  stated  that  the  life  cycle  from  egg 
to  emergence  of  the  adults  averaged  28.9  days.  This  would  allow  time 
for  four  or  five  generations  per  year,  whereas,  in  Virginia,  there  are  but 
three. 

Penn  and  Goldsmith  stated  that  the  eggs  of  canaliculatus  “were 
considerably  smaller  than  those  described  for  other  species/’  but  my 
measurements  of  the  eggs  of  canaliculatus,  marginatus,  and  insperatus 
were  almost  identical.  The  measurements  given  by  Bueno  (1917)  for 
eggs  of  marginatus  were  undoubtedly  in  error  and  should  have  been  1.0 
mm.  long  and  0.3  mm.  wide  instead  of  1  mm.  by  3  mm. 

Distribution. — This  species  is  widely  distributed,  having  been  re¬ 
corded  from  Rhode  Island,  Connecticut,  Massachusetts,  New  York,  New 
Jersey,  Virginia  (Kuitert  1942),  North  Carolina,  Georgia,  Florida, 
Louisiana,  Mississippi,  Alabama,  Texas,  Arkansas,  Indiana,  Iowa,  and 
Ohio.  In  addition,  specimens  from  South  Carolina  are  in  the  Clemson 
College  Museum. 

I  have  a  total  of  168  adults  and  196  nymphs  of  Gerris  canaliculatus 
in  my  collection  from  Virginia.  These  specimens  were  collected  from  the 
following  localities : 

Albemarle  Co. — “Old  Reservoir”  at  University  of  Virginia, 

“Old  Fish  Hatchery”  1.3  miles  south  of  Charlottesville  on  U.  S. 
Hwy.  29,  and  Miller  School  reservoir  near  Batesville;  Alleghany 
Co. — 7.0  miles  east  of  Clifton  Forge  on  U.  S.  Hwy.  60  (R.  L.  Hoff¬ 
man)  ;  Appomattox  Co. — Oxford  Furnace  Wayside  on  U.  S.  Hwy. 

460  east  of  Appomattox;  Charles  City  Co. — 1.0  miles  east  of 


1  Contribution  from  the  Miller  School  of  Biology,  University  of  Virginia. 
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Providence  Forge  on  St.  Hwy.  155;  Chesterfield  Co. — 4.1  miles 
from  University  of  Richmond  on  James  River  Road;  Dinwiddie 
Co. — 14.7  miles  south  of  Petersburg  on  U.  S.  Hwy.  1;  Gloucester 
Co. — 9.1  miles  north  of  Gloucester  Point  ferry  landing  on  U.  S. 
Hwy.  17;  Isle  of  Wight  Co. — 2.8  miles  east  of  Franklin  on  U.  S. 
Hwy.  58;  Nelson  Co. — Rockfish  River  at  intersection  of  U.  S.  Hwy. 

29  and  St.  Hwy.  151;  Norfolk  Co. — 4.4  miles  south  of  intersection 
of  U.  S.  Hwys.  13  and  17;  Southampton  Co. — 3.8  miles  east  of 
Courtland  on  U.  S.  Hwy.  58. 

Habitat. — This  species  has  been  collected  most  frequently  from 
ponds.,  but  occasionally  from  swamps,  roadside  ditches,  sluggish  streams, 
and  stagnant  pools.  Gerris  canaliculatus  is  found  on  the  surface  of  the 
water  among  the  vegetation  near  the  shores,  or  in  the  shade  of  over¬ 
hanging  branches  of  trees  along  the  banks.  When  disturbed  it  quickly 
moves  out  into  the  deeper  parts  of  the  pond,  but  not  being  content  to 
remain  there  it  soon  returns  to  the  shallower  waters  near  the  banks. 
Members  of  this  species  are  never  found  in  large  “schools,”  and  rarely 
may  they  be  taken  in  large  numbers  at  any  one  locality. 

Life  History. — Eleven  specimens  of  Gerris  canaliculatus  have 
been  reared  from  egg  to  adult  in  an  aquarium  (2y2  x  1  x  1  ft.)  with 
considerable  difficulty.  The  adults  are  difficult  to  keep  in  captivity  since 
upon  being  distributed  they  dash  madly  against  the  sides  of  the  aquar¬ 
ium  in  an  effort  to  escape,  and  thus  become  water-logged  and  drown. 
Adults  have  not  been  kept  more  than  a  week,  but  nymphs,  especially  the 
younger  ones,  are  not  so  excitable  and  have  been  reared  in  small  num- 

Table  1. — Summary  of  life  history  data  on  Gerris  canaliculatus 
Say  at  Charlottesville,  Virginia  in  1948. 

Individual  Length  of  egg  stage  and  nymphal  instars  in  days 


Number 

Egg 

First 

Second 

Third 

Fourth 

Fifth 

Total 

1 

11 

7 

6 

7 

7 

8 

46 

2 

13 

6 

n 

1 

6 

8 

10 

50 

3 

12 

6 

5 

6 

6 

7 

42 

4 

11 

6 

5 

4 

5 

9 

40 

5 

10 

6 

6 

7 

7 

9 

45 

6 

8 

7 

6 

7 

7 

10 

45 

7 

11 

5 

6 

8 

7 

10 

47 

8 

10 

6 

5 

6 

8 

9 

44 

9 

13 

6 

6 

5 

6 

9 

45 

10 

12 

5 

7 

6 

6 

9 

45 

11 

11 

6 

6 

5 

7 

11 

46 

Average 

11.1 

6.1 

5.9 

6.1 

6.7 

9.2 

45 
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bers.  A  summary  of  the  life  history  data  on  the  eleven  specimens  is 
given  in  Table  1. 

Egg. — Cylindrical,  posterior  end  abruptly  tapered,  anterior  end 
flattened  with  micropyle.  Pearly  white  in  color  when  first  deposited, 
gradually  darkening  as  the  embryo  develops.  Chorin  covered  with 
hexagonal  areas.  Length  1.0  mm.,  width  0.3  mm.  (fig.  1).  The  animals 
kept  in  an  aquarium  fastened  their  eggs  to  cattail  stems  with  a  colorless 
substance;  however,  in  nature  eggs  have  been  found  on  other  types  of 
aquatic  vegetation.  The  egg  stage  lasts  from  8  to  13  days  and  aver¬ 
ages  11.1  days. 

First  instar. — Body  oval,  widest  across  mesothorax,  pointed  caud- 
ally.  Antennae,  legs,  head,  two  oval  areas  on  pronotum  and  two  oblong 
areas  on  meso-metathorax  brown ;  remainder  of  body  yellowish-white. 
Abdominal  segments  marked  with  narrow  lines  of  brown  each  side  of 
median  longitudinal  line.  Antennae  filiform,  segment  1  slightly  shorter 
than  2  and  3  united,  4  subequal  to  other  three  united.  Legs  stout;  tibia 
of  front  and  middle  legs  longer  than  femur,  shorter  in  hind  pair;  tarsi 
of  front  legs  short,  stout;  that  of  middle  and  hind  legs  long,  slender. 
Tarsi  one-segmented,  claws  anteapical.  Rostrum  stout,  tapering,  four- 
segmented;  joints  1  and  2  subequal,  3  longest.  Length  1.6  mm.,  width 
0:7  mm.  (fig.  8).  The  first  instar  lasts  from  5  to  7  days  and  averages  6.1 
days. 

Second  instar. — Body  more  elongate.  General  dorsal  coloration  red¬ 
dish-brown,  venter  vellowish-white.  Very  narrow  pale  median  line  on 
thorax  and  first  few  abdominal  segments  (a  characteristic  peculiar  only 
to  nymphs  of  this  species).  Antennal  segment  4  slightly  shorter  than 
other  three  united,  2  shortest.  Tibia  of  front  and  middle  legs  subequal  to 
femur,  but  tibia  only  one-third  as  long  as  femur  of  hind  legs.  Legs 
longer  and  slenderer  than  in  first  instar.  Tarsi  one-segmented.  Length 


Table  2. — Seasonal  data  on  field  collected  individuals,  mainly  from 
the  “Old  Reservoir”  at  the  University  of  Virginia. 


Stage  Jan.  Feb.  Mar.  Apr.  May  June  July  Aug.  Sept.  Oct.  Nov.  Dec. 


Adult  male 
(apterous) 

Adult  male 
(macropterous) 
Adult  female 
(apterous)  1 

Adult  female 
( macropterous ) 
First  instar 
Second  instar 
Third  instar 
Fourth  instar 
Fifth  instar 


2  3  5  8 

3  1 

1  3  3  15 

2  1  1 

1  1 

2  4 

2  6 

1  16 

1  16  4 


4  7  5  8 

3  17 

5  20  8  6 

2  6  17 

3  1 

3  4  5 

4  7  11  3 

7  21  9  9 

27  12  14 


5 


1 


2 


3 


1 

1 
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2.9  mm.,  width  0.9  mm.  (fig.  6).  The  second  instar  lasts  from  5  to  7  days 
and  averages  5.9  days. 

Third  instar. — Body  much  more  elongate  in  proportion  to  width. 
Eyes  large,  reniform,  black.  Coloration  similar  to  that  of  second  instar, 
but  dark  wing  pads  begin  to  appear  in  macropterous  form.  Narrow  pale 
dorso-median  line  extending  from  vertex  to  posterior  margin  of  seventh 
abdominal  segment.  Abdomen  with  the  two  genital  segments  distinct. 
Antennal  segment  4  as  long  as  1  and  2  united,  2  and  3  subequal.  Femur 
longer  than  tibia  in  all  legs.  Tarsi  remain  one-segmented ;  rostrum  four- 
segmented.  Length  4.8  mm.,  width  1.2  mm.  (fig.  3).  The  third  instar  lasts 
from  4  to  8  days  and  averages  6.1  days. 

Fourth  instar. — Body  continues  to  elongate.  Brownish-black  wing 
pads  extend  onto  second  abdominal  segment.  Narrow  dorsal  pale  line  as 
in  third  instar.  Antennal  segment  4  as  long  as  2  and  3  united,  2  and  3 
subequal,  1  one-third  shorter  than  4.  Tibia  and  femur  of  front  legs  sub¬ 
equal;  femur  longer  in  middle  and  hind  legs.  Other  characters  as  in  other 
instars.  Length  6.1  mm.  width  1.4  mm.  (fig.  5).  The  fourth  instar  lasts 
from  4  to  8  days  and  averages  6.7  days. 

Fifth  instar. — The  wing  pads  increase  only  slightly  in  length,  ex¬ 
tending  onto  third  abdominal  segment.  Dorsomedian  pale  line  as  before 
but  slightly  wider.  Antennal  segment  4  slightly  shorter  than  2  and  3 
united,  longer  than  1 ;  2  and  3  subequal.  Legs  long  and  slender,  tibia 
and  femur  as  in  fourth  instar.  Tarsi  remain  one-segmented.  Rostrum  still 
four-segmened,  segment  3  very  long,  4  short  and  pointed.  Length  8.6 
mm.,  width  1.9  mm.  (fig.  7).  The  fifth  instar  lasts  from  7  to  1 1  days 
and  averages  9.2  days. 

Adult. — Body  slender,  elongated;  color  varying  from  reddish-brown 
to  brownish-black.  Pronotum  extending  over  mesonotum  in  apterous 
form,  with  median  longitudinal  carina  in  both  apterous  and  macropter¬ 
ous  individuals;  anterior  lobe  of  pronotum  with  brownish-red  median 
line;  anterolateral  stripe  not  reaching  cephalic  margin.  Antennae  brown¬ 
ish,  segment  1  shorter  than  2  and  3  united,  2  slightly  longer  than  3,  4 
subequal  to  1  in  length.  Legs  brown,  long  and  slender.  Tarsi  two-seg¬ 
mented.  Caudoventral  margin  of  sixth  abdominal  segment  of  male 
broadly  rounded,  without  a  median  notch.  Connexival  spines  long,  slender, 
reaching  to  tip  of  first  genital  segment  (figs.  2  and  4).  Length  8.5  mm. 
to  11.6  mm. 

The  total  life  cycle  from  egg  to  adult  in  aquarium  studies  ranged 
from  40  to  50  days  and  averaged  45.1  days.  The  monthly  seasonal  data 
presented  in  Table  2  on  field  collected  specimens  seem  to  indicate  that 
breeding  is  continuous  from  May  through  September  with  no  significant 
distinct  broods.  However,  when  the  monthly  totals  are  divided  into  ten- 
day  intervals  and  plotted,  there  is  an  indication  that  there  are  three 
generations  per  year,  text  figure  1.  It  can  be  seen  that  during  the  first 
generation  no  collections  were  made  during  the  first  two  ten-day  periods 
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in  July  and  thus  the  peak  for  the  first  brood  is  shown  earlier  than 
actually  it  should  be.  The  data  given  on  the  graph  indicate  that  approxi¬ 
mately  50  days  is  required  to  complete  a  generation.  This  closely  ap¬ 
proximates  the  development  period  from  egg  to  adult  in  aquarium  studies. 

Dissestion  of  numerous  adult  females  of  several  species  of  Gerris 
during  the  spring  and ,  summer  indicated  that  Gerris  canaliculatus  was 
considerably  less  prolific  than  marginatus  and  insperatus.  The  ovar¬ 
ies  of  the  latter  species  were  usually  filled  with  eggs  but  this  was  never 
true  of  canaliculatus .  The  dissections  also  showed  that  the  over-wintering 
females  of  canaliculatus  were  spent  by  early  June,  and  they  probably 
died  soon  thereafter.  Both  apterous  and  macropterous  forms  are  present. 
The  seasonal  data  indicate  that  very  few  macropterous  individuals  are 
produced  during  the  first  generation  but  that  the  ratio  to  apterous  in¬ 
dividuals  increases  greatly  during  the  third  generation.  The  adults  hiber¬ 
nate  during  the  winter  under  logs,  rocks,  and  other  debris  along  the 
banks  and  ponds,  and  occasionally  streams. 

Remarks. — The  nymphs  of  Gerris  canaliculatus  may  be  distinguished 
from  those  of  all  other  species  by  the  presence  of  the  dorsomedian  pale 
longitudinal  line.  This  species  has  been  collected  in  association  with  the 
following  members  of  the  family  Gerridae:  G.  insperatus ,  G.  Argenti- 
collis ,  G.  remigis,  G.  con  for  mis ,  Trepobates  pictus,  T.  inermis,  and 
Limnogonus  hesione. 

Summary. — Gerris  canaliculatus  Say  is  primarily  a  pond  species  and 
adults  may  be  collected  during  every  month  of  the  year.  There  are  ap¬ 
parently  three  generations  produced  in  Virginia  from  April  to  Novem¬ 
ber  each  year.  The  eggs  are  deposited  on  aquatic  plants  and  debris  and 
hatch  in  from  8  to  13  days.  The  nymphal  instars  require  the  following 
periods  before  molting:  first,  5  to  7  days;  second,  5  to  7  days;  third, 
4  to  8  days;  fourth,  4  to  8  days;  fifth,  7  to  11  days.  Nymphs  may  be 
distinguished  from  those  of  all  other  species  by  the  presence  of  a  dorso¬ 
median  pale  longitudinal  line.  The  majority  of  the  adults  of  the  first  and 
second  generations  are  apterous,  but  most  of  the  individuals  of  the  third 
generation  are  macropterous. 
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GERRIS  CANALICULATUS  SAY 

Fig.  1 .  Egg 

Fig.  2.  Caudoventral  abdominal  segments  of  male. 
Fig.  3.  Third  instar  nymph. 

Fig.  4.  Adult  female. 

Fig.  5.  Fourth  instar  nymph. 

Fig.  6.  Second  instar  nymph. 

Fig.  7.  Fifth  instar  nymph. 

Fig.  8.  First  instar  nymph. 
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A  Report  on  the  Effect  of  Ethylene  Dibromide 
Soil  Treatment  on  Root-Knot  Control, 
Nodulation,  and  Yield  of  Peanuts 

Lawrence  I.  Miller 
Virginia  Agricultural  Experiment  Station 

The  root-knot  nematode  causes  interruption  of  growth,  misshapen 
and  often  dwarfed  pods  of  peanuts  as  has  been  pointed  out  by  Steiner 
(1942).  In  order  to  evaluate  the  effectiveness  of  a  nematocide  for  root- 
knot  control,  an  ethylene  dibromide  treatment  was  made  before  planting 
peanuts,  in  1949,  to  soil  where  peanuts  had  previously  been  known  to 
be  damaged  by  root-knot.  It  was  also  of  interest  to  learn  the  effect  on 
nodulation,  growth,  and  yield  of  peanuts  following  treatments  of  the  soil 
with  a  fumigant. 

MATERIALS  AND  METHODS 

One  week  before  planting,  the  liquid  nematocide,  ethylene  dibro¬ 
mide  (20  percent  by  volume),  was  injected  with  a  hand  applicator 
along  the  drill  row  at  6-inch  intervals  and  5  inches  deep  into  the  soil, 
at  the  calculated  rate  of  25  gallons  per  acre.  Nontreated  areas  were  in¬ 
cluded  as  controls.  No  paper  or  water  seal  was  used,  although  rain 
occurred  one  day  after  the  fumigation  treatment  in  an  amount  sufficient 
to  wet  the  upper  three  inches  of  soil.  Soil  temperatures  were  not  recorded 
for  the  period  between  soil  treatment  and  planting,  but  the  mean  maxi¬ 
mum  and  minimum  air  temperatures  were  76°  and  52°F.  respectively. 
Arasan  treated  seed  of  the  Jumbo  Runner  variety  were  planted  on 
May  26,  three  inches  apart  in  drill  rows,  33  inches  apart,  and  later 
thinned  to  a  uniform  stand.  The  test  plots  were  located  on  Onslow  fine 
sandy  loam  soil.  A  soil  sample  was  collected  for  analysis  from  the  test 
area,  June  3,  just  prior  to  the  application  of  400  pounds  per  acre  of  an 
0-12-12  fertilizer.  The  results  of  the  analysis  made  by  the  Virginia 
Agricultural  Extension  Service  were  as  follows:  pH,  5.6;  calcium  con¬ 
tent,  fair;  magnesium  content,  fair;  organic  matter,  3.4  per  cent;  phos¬ 
phoric  acid,  fair;  potash,  fair.  On  July  15  gypsum  was  applied  to  the 
test  area  at  the  rate  of  300  pounds  per  acre.  The  peanuts  were  dusted 
three  times  at  two-week  intervals,  beginning  July  20,  with  325-mesh 
sulphur  at  the  rate  of  1 5  pounds  per  acre  per  application.  , 

Each  plot  consisted  of  a  single  row,  20  feet  long,  with  plants  spaced 
approximately  six  inches  apart.  Yield  data  were  obtained  from  only 
15  feet  of  row,  since  the  remaining  five  feet  was  used  for  examination 
and  sampling  purposes.  A  nontreated  row  was  planted  between  each 
treated  row.  The  plots  were  arranged  in  randomized  blocks  and  repli¬ 
cated  six  times  as  a  part  of  a  test  including  several  other  materials  evalu- 
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ated  for  nematode  and  fungus  control.  Peanuts  had  been  planted  every 
other  year  in  this  field  for  the  previous  ten  years  with  an  average  annual 
yield  of  approximately  1600  pounds  per  acre.  The  alternate  crop  was 
either  corn  or  corn  and  soybeans.  Peanuts  were  planted  in  the  test  area 
in  1948.  A  bacterial  inoculant  was  not  applied  to  the  seed  of  the  1948 
crop  nor  to  seed  planted  in  the  test  in  1949. 

The  root-knot  and  nodulation  scores  were  made  and  roots  were 
collected  for  dry^  weight  comparisons  when  the  peanuts  were  dug  on 
October  28.  The  green  vines  and  nuts  from  each  plot  were  bagged  after 
digging  and  placed  in  a  corn  drier  (140°F.)  for  12  hours.  All  data  were 
analyzed  by  the  Department  of  Statistics  of  the  Virginia  Polytechnic 
Institute.  The  method  of  expressing  nematode  injury  was  patterned  after 
Parris’s  study  (1948)  with  Heterodera  marioni  (Cornu)  Goodey  on 
Solarium  tuberosum  L. 

RESULTS 

Stand  counts  made  on  June  15  and  again  a  week  later  showed  no 
significant  difference  due  to  the  soil  fumigation  treatment.  By  July  24. 


Figure  1. — Left:  Root  of  a  peanut  plant  infected  with  root-knot 
nematode  from  a  nontreated  plot.  The  galls  are  very  small  and  generally 
found  on  lateral  roots  surrounded  by  clumps  of  matted  rootlets.  Right: 
Root  from  ethylene  dibromide-treated  plot.  Note  the  heavier  nodulation 
on  tap  root  near  crown. 
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fifty-one  days  after  the  seedlings  emerged,,  a  striking  difference  conld  be 
observed  between  nontreated  and  ethylene  dibromide-treated  plots.  The 
vines  on  ethylene  dibromide-treated  plots  were  larger  and  greener  in 
appearance.  The  root  systems  of  these  plants  were  larger  and  heavier, 
and  there  were  more  nodules  on  the  tap  roots  (figure  1).  Other  examina¬ 
tions  made  at  two-week  intervals,  up  to  the  time  of  digging,  October  28, 
showed  that  these  differences  in  vine,  root,  and  nodule  development  were 
consistent  until  the  plants  were  dug  (Table  1).  Examinations  made 
September  9  showed  that  there  were  a  greater  number  of  gynophores 
at  the  end  of  the  lateral  branches  of  plants  grown  in  soil  treated  with 
ethylene  dibromide.  After  the  plants  were  harvested  it  was  found  that 
plants  grown  in  ethylene  dibromide-treated  soils  produced  one  fourth 
more  nuts  than  did  plants  from  nontreated  soil  (Table  1).  A  comparison 


Table  1. 

The  effect  of  ethylene  dibromide  soil  treatment  on  the  control  of 
root-knot  nodulation,  root  development,  and  yield  of  drier-cured  peanuts. 


Nematode 

Tap  root 

Dry  wt.  of 

Calculated  lbs. 

severity 

nodulation  roots  per  plant 

per  acre 

Treatment  scores51 

scores1* 

in  grams 

Hay 

Nuts 

Ethylene  dibromide  0.9 *c 

3.0* 

3.33* 

3920* 

2200* 

Nontreated  (check)  2.8 

1.0 

1.82 

2520 

1820 

a.  Nematode  severity  scores:  0  =  not  galled,  1  —  slightly  galled,  2  = 

moderately  galled,  3  -  severely  galled. 

b.  Tap  root  nodulation  scores:  0  =  no  nodulation,  1  =  light  nodulation, 
2  —  medium  nodulation,  3  =  heavy  nodulation. 

a.  and  b.  Each  score  value  represents  the  sum  of  plants  in  each  class 
times  the  score  for  that  class,  divided  by  the  total  number  of  plants. 

c.  Starred  (*)  figures  indicate  that  values  at  the  5  per  cent  level  were- 
significantly  different  from  the  other  value  in  the  column. 

of  the  quality  of  nuts  from  nontreated  and  treated  plots  showed  no  sig¬ 
nificant  difference  as  based  on  the  following  criteria:  percentage  of 
meat,  percentage  of  Extra  Large  Kernels,  and  number  of  Extra  Large 
Kernels  in  a  one  ounce  sample. 

Female  root-knot  nematodes  were  found  in  some  of  the  roots  ex¬ 
amined  microscopically  soon  after  the  seedlings  emerged;  however,  char¬ 
acteristic  gall  symptoms  were  not  clearly  evident  until  about  the  first 
week  in  August.  The  galls  were  very  small  and  in  most  cases  very  difficult 
to  see,  because  clumps  of  matted  rootlets  covered  much  of  the  injured 
portion  of  the  root  (figure  1).  Later  in  the  season  it  became  obvious  from 
macroscopic  as  well  as  microscopic  examination  that  a  species  of  the 
genus,  Meloidogyne  Goeldi  (Chitwood,  1949)  was  causing  injury.  A 

summary  of  the  relative  nematode  injury  is  tabulated  in  Table  1.  The 
data  were  collected  October  28,  at  the  time  the  peanuts  were  dug. 
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Even  before  yields  were  obtained  it  was  apparent  that  there  was 
more  vin#e  growth  in  ethylene  dibromide-treated  plots  than  in  nontreated 
plots.  Plants  were  collected  September  9  from  nontreated  and  ethylene 
dibromide-treated  plots  for  nitrogen  analysis.  The  plant  samples  were 
collected  and  prepared  as  follows :  One  plant  sample  was  removed 
from  the  end  of  each  nontreated  and  ethylene  dibromide-treated  plot. 
The  roots  were  washed  free  of  soil  and  the  plant  separated  into  vines, 
roots,  and  pods.  These  respective  parts  were  oven-dried  and  the  samples 
from  nontreated  and  ethylene  dibromide-treated  plots  were  ground,  and 
representative  samples,  sufficient  for  analysis  in  duplicate,  saved  from 
each  lot.  These  samples  were  then  analyzed  for  nitrogen  by  the  Agronomy 
Department  of  the  Virginia  Agricultural  Experiment  Station  using  the 
A.  O.  A.  C.  method.  The  results  of  the  analysis  expressed  as  per  cent 
nitrogen  of  oven-dry  material  were  as  follows:  nontreated  plots — vines, 
5.55;  roots,  6.00;  and  kernels  with  testa,  6.02;  ethylene  dibromide- 
treated  plots — vines,  5.48;  roots,  7.00;  kernels  with  tests,  7.64. 

Although  too  few  samples  were  analyzed  to  give  sufficient  data 
from  which  to  draw  a  definite  conclusion,  these  data  suggest  that  the 
nitrogen  content  of  the  vines  per  unit  weight  was  not  greatly  modified 
by  the  soil  treatment,  while  that  of  the  roots  and  kernels  was  increased. 
The  plants  in  the  test  areas  were  not  dug  until  49  days  after  these 
samples  were  procured.  Whether  these  differences  in  nitrogen  content 
were  maintained  in  mature  plants  was  not  determined. 

DISCUSSION 

Nodulation  of  peanut  roots  in  the  nontreated  plots  would  have 
ordinarily  been  rated  as  fair  (figure  1),  yet  it  appeared  poor,  as  com¬ 
pared  to  the  nodulation  of  roots  in  the  ethylene  dibromide-treated  plots. 
How  ethylene  dibromide  induced  better  nodulation  of  the  tap  root  is  not 
known.  One  probable  explanation  is  that  the  root-knot  nematode  inhibited 
nodulation  in  the  nontreated  plots  and  its  control  with  ethylene  dibromide 
permitted  better  nodulation.  In  this  test,  root-knot  control,  or  better 
nodulation,  or  a  combination  of  the  two  would  .seem  to  account  for  the 
increased  plant  development.  It  is  not  possible  to  evaluate  the  actual 
effect  of  the  treatment  until  more  extensive  tests  are  conducted  under 
controlled  conditions. 
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Protective  Behavior  and  Photic  Orientation  in 
Aquatic  Adult  and  Larval  Two-Lined 
Salamanders, 

Eurycea  b.  bislineata  x  cirrigera. 

John  Thornton  Wood 

Department  of  Biology,  College  of  William  and  Mary 

Two-lined  salamanders  occupy  a  broad  geographic  range  in  eastern 
United  States  and  Canada.  In  springs,  seepage  areas,  and  small  brooks 
from  Quebec  Province  to  northern  Florida,  and  from  the  Atlantic  coastal 
plain  to  Louisiana,  these  salamanders  are  abundant,  rivalled  in  numbers 
in  some  areas  by  species  of  Desmognathus,  but  in  many  places  the  domi¬ 
nant  species.  The  behavior  of  terrestrial  adults  is  now  well-known  enough 
to  explain  why  few  persons  see  these  salamanders  unless  they  are  seeking 
them,  and  know  where  to  hunt.  Terrestrial  adults  are  “troglodytes”,  and 
live  concealed  from  the  eyes  of  their  enemies  during  hours  of  daylight  in 
the  “caves”  of  their  habitat, — the  crevices  under  bark,  stones,  logs,  and 
other  objects  lying  along  the  margins  of  the  waters  in  which  they  breed. 
The  presence  of  adults  in  concealment  in  the  field  has  been  reported  for 
the  northern  subspecies,  Eurycea  b.  bislineata,  by  Verrill  (1863),  Sher¬ 
wood  (1895),  Allen  (1899),  Ditmars  (1905),  and  Bishop  (1911,  1943). 
The  basis  of  this  troglodytic  behavior  was  determined  by  Dunn  (1926) 
as  strong  “negative  phototropism”  and  a  relatively  weaker  thigmotactic 
response. 

When  terrestrial  adults  are  exposed  in  their  places  of  concealment 
they  make  frantic  efforts  to  escape,  a  behavior  pattern  mentioned  by 
Allen  (ibid.),  and  classically  described  by  Ditmars  (ibid.).  Following 
exposure  to  light  the  salamander  promptly  seeks  the  sanctuary  of  dark¬ 
ness.  This  may  involve  locating  another  terrestrial  refuge,  but  fre¬ 
quently  involves  escape  into  an  aquatic  habitat.  The  alarmed  terrestrial 
adult  moves  primarily  by  means  of  lateral  undulations  rather  than  leg 
action,  although  frequently  both  methods  of  locomotion  are  used  simul¬ 
taneously.  Upon  entering  an  aquatic  habitat  the  adults  have  been  ob¬ 
served  to  seek  refuge  under  a  stone  on  the  bottom,  but  nothing  more 
on  their  aquatic  behavior  than  this  has  been  reported. 

Bishop  (1941)  states  that  adults  in  an  aquatic  environment  assume 
the  habits  of  larvae.  This  may  be  true  of  feeding  behavior,  but  obser¬ 
vation  of  protective  behavior  fails  to  confirm  this  report.  Differences 
between  adult  and  larval  alarm-activity  patterns  in  aquatic  habitats  are 
pointed  out  in  this  report,  and  tests  on  the  photic  orientation  of  these 
animals  have  been  made  to  explain  dissimilarities  observed.  Observa- 
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tions  and  experiments  have  been  carried  out  with  specimens  obtained 
from  the  vicinities  of  Williamsburg  and  Yorktown,  Virginia.  In  this 
area,  •  as  in  Gloucester,  Virginia,  the  two-lined  salamanders  are  inter¬ 
mediate  in  character  between  the  northern  and  southern  subspecies, 
an  intergrade  relationship  indicated  by  the  combined  sub-specific  names 
bislineata  a  cirrigera.  Adult  males  in  this  region  may  be  indistinguishable 
from  typical  specimens  of  the  northern  subspecies,  but  some  individuals 
have  the  lower  costal  groove  count  of  cirrigera ,  and  partially  developed 
cirri.  This  matter  was  first  pointed  out  by  Dunn  (ibid.). 

During  part  of  the  year  these  adult  salamanders  are  found  in 
terrestrial  habitats,  and  in  other  periods  the  large  majority  of  adults 
encountered  are  found  living  in  water.  The  extent  of  the  aquatic  period  is 
poorly  defined.  Although  Noble  (1931)  and  Dunn  (ibid.)  found  adults  of 
E.  b.  bislineata  in  streams  in  New  York  and  Massachusetts  in  mid-winter, 
there  is  no  direct  evidence  that  the  aquatic  period  is  correlated  with 
temperature.  The  views  of  Brimley  (1896,  1939)  that  the  aquatic  period 
is  correlated  with  the  breeding  season,  and  that  the  salamanders  are 
terrestrial  throughout  most  of  the  rest  of  the  year,  is  substantiated  by 
data  obtained  in  preparing  this  report. 

Brimley  (ibid.)  noted  that  prior  to  the  breeding  season,  in  Decem¬ 
ber,  adults  are  found  in  small  rocky  streams  near  Raleigh,  North  Caro¬ 
lina.  Adults  remain  in  those  waters  until  the  termination  of  the  breeding 
period  in  March  or  April.  In  the  Yorktown-Williamsburg  areas  gravid 
females  appear  in  the  streams  in  some  numbers  before  the  first  males 
are  noted.  The  females  are  first  seen  in  late  November  and  early  Decem¬ 
ber,  but  by  the  time  the  first  egg  depositions  are  noted,  during  the  last 
week  of  January,  the  numbers  of  males  and  females  in  the  streams  are 
found  to  be  approximately  equal.  After  the  termination  of  egg  deposition 
in  mid-April  females  remain  with  the  last  egg-groups  through  the  period 
of  four  to  six  weeks  prior  to  larval  emergence,  and  again  the  males 
become  scarce  in  the  streams.  Since  marked  specimens  were  not  used 
it  is  not  possible  to  state  with  assurance  that  the  extent  of  the  aquatic 
period  of  females  exceeded  that  of  the  males,  but  it  was  evident  that 
in  the  beginning  and  toward  the  end  of  the  interval  the  bulk  of  adults 
in  the  waters  were  females. 

During  January,  February,  and  March  approximately  equal  num¬ 
bers  of  adult  males  and  females  could  be  found  in  waters  near  York- 
town  and  Williamsburg.  During  hours  of  daylight  these  salamnaders 
remain  in  concealment,  hidden  under  logs,  leaf  debris,  or  the  thick  loose 
silt  layer  on  the  stream  bottoms.  They  may  be  exposed  by  moving  these 
objects,  and  the  resulting  stimulation  is  more  intense  than  simple  light 
stimulation  in  a  land  habitat,  since  it  involves  tactile  sensations  as  well 
lina.  Adults  remain  in  those  waters  until  the  termination  of  the  breeding 
in  mid-April  females  remain  with  the  last  egg-groups  through  the  period 
as  photic  stimuli.  The  adults  immediately  respond  to  disturbance  and 
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exposure  by  swimming  with  swift  lateral  undulations  until  they  are 
again  in  concealment.  Adults  do  not  simply  hide  their  heads  under 
leaves  and  debris  after  an  “escape”  swim,  but  move  out  of  sight  and 
light  quickly  and  completely,  rarely  pausing  in  the  course  of  this  action 
to  rest  in  the  open.  This  behavior  may  be  explained  by  Noble’s  (1981) 
report  that  the  skin  of  an  adult  salamander  is  light  sensitive. 

Adults  are  conspicuous  in  their  coloration  and  pattern.  They  are 
marked  with  a  broad  dorsal  band  of  lipophores  ranging  in  hue  from 
dull  olive  to  brilliant  yellow.  Noble  (ibid.)  suggests  that  this  “flash” 
color  may  conceal  the  animal  from  its  enemies  by  diverting  attention 
from  its  outline.  In  striking  contrast  with  adults,  the  larvae  are  incon¬ 
spicuous  in  color  and  pattern.  They  are  marked  with  a  melanophore 
system  that  adjusts  to  background  color  through  dispersion  and  increase 
in  the  number  of  melanophores,  or  through  aggregation  and  decrease. 
Larvae  on  matching  backgrounds  are  protected  from  predators  through 
their  deceptive  resemblance  to  their  surroundings. 

In  sharp  contrast  to  aquatic  adults,  larvae  may  be  seen  during  day¬ 
light  hours  resting  motionless  in  the  open.  In  areas  where  silt  and  decom¬ 
posed  leaves  cover  the  stream  bottom  the  habitat  is  dark,  and  the  larvae 
are  “dark  adapted.”  In  areas  where  the  bottom  consists  of  sand  or 
coquina  fragments  the  larvae  again  match  their  backgrounds,  and  are 
“light  adapted.”  No  differences  have  been  observed  between  protective 
behavior  of  “dark  adapted”  specimens  on  dark  backgrounds,  and  of 
“light  adapted”  larvae  on  light  backgrounds.  In  both  cases  alarmed 
larvae  suddenly  swim  a  few  inches,  and  “freeze”  motionless  again.  This 
behavior  serves  to  protect  the  larvae  from  attacks  of  predatory  mos- 
quitofish,  Gambusia  affinis  holbroohii,  which  inhabit  the  same  waters 
and  are  seen  rarely  to  strike  at  a  non-moving  target. 

It  takes  considerable  time  for  the  larval  melanophore  system  to 
adjust  to  a  contrasting  background  sufficiently  to  materially  change  the 
hue,  a  fact  pointed  out  by  Sumner  and  Wells  (1933),  Sumner  (1934), 
and  Breder  (1947)  in  the  case  of  the  Gambusia.  Thus  when  larvae  move 
from  a  matching  background  to  a  contrasting  one,  they  become  conspicous 
and  their  protective  behavior  pattern  changes.  This  condition  was  first 
reported  in  the  case  of  Gambusia  by  Breder  (ibid.).  The  larval  Eurycea 
bislineata,  abandoning  the  “spurt  and  freeze”  behavior  characteristic 
of  them  on  matching  backgrounds,  seek  concealment,  and  will  swim 
longer  distances  to  obtain  it.  Unlike  adults  the  conspicuous  larvae  fre¬ 
quently  utilize  partial  concealment,  and  on  contrasting  backgrounds  will 
remain  in  the  open  in  deeply  shaded  areas. 

The  differences  in  behavior  of  aquatic  adults  and  larvae  appear 
to  be  paralleled  by  differences  in  photic  orientation.  The  literature  con¬ 
tains  one  reference  on  the  photic  orientation  of  adult  Eurycea  bislineata, 
and  no  mention  is  made  of  whether  the  test  animals  were  in  an  aquatic 
or  terrestrial  stage.  Dunn  (1926)  found  E.  b.  bislineata  to  be  thigmotactic 
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rRE  1.  A  size-frequency  analysis  of  127  Eurycea  hislineata  used  in  photic  orientation  tests.  Group  A  in¬ 
cludes  29  recently  emerged  larvae;  group  B  includes  75  year-old  larvae;  and  group  C  includes  23  trans¬ 
formed  specimens. 
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and  “negatively  phototropic/'  When  these  stimuli  were  opposed  the 
negative  reaction  to  light  w'as  much  stronger  than  the  thigmotactic 
response.  Several  conditions  influence  responses  to  photic  stimulations. 
Stier  (1926)  showed  that  the  photic  responses  of  newts  may  be  reversed 
by  feeding,  that  starved  newts  are  negatively  phototropic,  while  well-fed 
ones  are  indifferent  or  positive  in  response  to  light  stimuli.  Cole  and 
Dean  (1917)  showed  that  photic  responses  of  tadpoles  change  with 
age.  Using  the  green  frog,  Rana  clamitans,  they  found  young  tadpoles 
indifferent  to  photic  stimulation,  while  older  specimens  were  positively 
phototropic.”  Torelle  (1903)  found  that  photic  response  in  two  common 
species  of  frogs  was  influenced  by  temperature,  that  the  frogs  ( Rana 
pipiens  and  R.  clamitans)  responded  positively  to  light  at  “ordinary” 
temperatures,  and  negatively  below  10  degrees  Centigrade, — undoubtedly 
an  important  factor  in  hibernation. 

To  control  some  of  the  variables,  temperatures  of  water  in  the 
tanks  used  in  testing  photic  responses  of  larval  and  adult  Eurycea  b. 
bislineata  x  cirrigera  were  the  same  (16  degrees  Centigrade),  and  both 
tanks  contained  brook  water  from  the  habitat  where  the  test  animals 
were  obtained.  To  minimize  the  effects  of  starvation  on  the  test  animals 
the  observations  were  initiated  the  day  the  salamanders  were  collected, 
and  tests  were  completed  48  hours  later.  Three  isolated  size-groups  of 
salamanders  were  obtained  through  non-selective  collecting.  Measure¬ 
ments  of  these  animals  are  compiled  in  figure  1.  The  tiny  recently 
emerged  larvae  were  too  small  to  locate  in  the  large  tank  (fig.  2-B), 
and  were  tested  in  a  shallow  tank  (fig.  2-A).  The  larger  larvae  and 
transformed  specimens  were  tested  in  the  large  tank. 

One  third  of  the  water  surface  in  the  small  tank  was  exposed  to 
direct  illumination  (150  watt  lamp)  which  provided  a  maximum  light 
intensity  of  50  units  (measured  with  a  G.  E.  meter,  type  DW-58,  with 
A.S.A.  scale).  Minimum  light  intensity  in  the  illuminated  zone  was  30 
units  at  the  corners.  The  remaining  two  thirds  of  the  tank  consisted  of 
indirectly  illuminated  “twilight  zone.”  A  one-half  inch  layer  of  brook 
sand  covered  the  bottom  of  the  tank  evenly,  and  twenty-nine  larvae  were 
released  for  testing.  Responses  to  visual  stimuli  and  the  motions  of  other 
larvae  caused  a  slow  but  steady  degree  of  activity  in  the  tank.  It  was 
determined  that  better  results  would  be  obtained  by  recording  the  dis¬ 
tribution  of  animals  at  well  separated  intervals  without  “reshuffling” 
them,  since  this  abnormal  activity  might  prejudice  their  behavior  over  a 
long  period.  Noble  (1931)  points  out  that  “phototropism”  in  amphibians 
is  overridden  by  responses  in  the  field  of  vision.  This  seems  to  have  been 
borne  out  by  the  activity  of  the  test  animals  without  outside  interference. 
Indifference  to  the  photic  stimuli  would  have  resulted  in  a  random  dis¬ 
tribution  of  one  third  of  the  larvae  in  one  third  of  the  tank  area,  but  the 
tests  showed  only  11  percent  in  the  lighted  zone.  The  majority  of  the 
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larvae  were  observed  at  the  margin  of  the  twilight  zone,  facing  toward  the 
lighted  zone. 


Figure  2. 

A — Cross-sectional  diagram  of  apparatus  used  to  test  photic  orien¬ 
tation  in  recently  emerged  larvae. 

B — Cross-sectional  diagram  of  apparatus  used  to  test  photic  orien¬ 
tation  in  year-old  larvae  and  transformed  specimens. 

C  (a) — Diagram  of  light  intensity  on  water  surface  of  tank  (Fig.  2-B) 
C  (b) — Diagram  of  primary  distribution  of  adults  (A)  and  larvae 
(L)  in  tank  (Fig.  2-B). 
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Larger  larvae  and  adults  were  tested  in  the  large  tank  (fig.  2-B). 
The  light  intensity  pattern,  determined  as  in  the  small  tank,  is  dia¬ 
grammed  in  fig.  2-C.  The  bed  of  the  tank  was  evenly  covered  with 
brook  sand;  and  as  in  the  small  tank,  brook  water  completed  the  arti¬ 
ficial  habitat.  Gates  were  designed  to  drop  down  in  order  to  prevent 
an  exodus  of  the  animals  during  the  intervals  when  distribution  was 
being  checked.  The  counts  disturbed  the  salamanders,  but  in  most  cases 
they  did  not  move  away.  Compiled  results  of  the  distribution  of  adult, 
year-old  larvae,  and  recently  emerged  larvae  are  presented  in  fig.  3.  The 
lighted  zone  contained  a  smaller  percentage  of  large  larvae  than  small 
larvae,  and  an  even  smaller  percentage  of  adults.  Negative  photic 
orientation  increases  as  larvae  grow  older,  and  is  greater  in  adults  than 
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Figure  3. 

Compiled  results  of  the  percentage  of  specimens  distributed  through 
the  light,  twilight,  and  dark  tank  zones. 


in  larvae.  Adults  show  stronger  response  to  light,  retreating  farther 
from  light  than  do  larvae.  Of  the  large  larvae,  85  per  cent  were  concen¬ 
trated  in  the  “twilight  zone”,  in  the  dark  corners  behind  the  drop  gate, 
while  the  adults,  tested  after  the  larvae  had  been  removed  from  the 
tank,  gathered  behind  the  dark  corner  of  the  drop  gate  in  the  “dark 
zone.”  These  concentrations  of  specimens  became  tangled  masses  in 
which  individual  salamanders  were  noted  twisted  throughout  the  mass, 
lying  on  their  sides  or  upside  down.  Apparently  the  primary  body 
orientation  described  by  Fraenkel  and  Gunn(  1940)  as  “ventral  earth 
reaction”  was  overriden  by  the  combined  influences  of  negative  photic 
stimulation  and  thigmotactic  response. 

SUMMARY 

Field  observations  have  determined  that  adult  Eurycea  h.  hislineata 
x  cirrigera  from  Yorktown  and  Williamsburg,  Virginia  are  ordinarily 
found  in  concealment  during  daylight  hours.  If  alarmed  and  exposed  to 
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light  they  dash  or  swim  for  the  nearest  cover.  Experiments  show  adults 
have  a  strong  negative  photic  orientation,  and  that  they  retreat  to  the 
area  of  least  light  in  their  habitat.  The  ventral  ground  reaction  of  adults 
is  overridden  by,  strong  negative  photic  response  and  thigmotaxis. 

Larval  animals  do  not  show  the  protective  behavior  noted  in  the 
adults.  Depending  upon  the  extent  of  their  cryptic  mimicry,  larvae 
either  respond  to  alarm  by  swimming  short  distances  and  “freezing,” 
or  by  swimming  longer  distances  for  partial  concealment.  Tests  of 
photic  orientation  indicate  that  small  larvae  respond  negatively  to 
light,  but  to  a  lesser  degree  than  larger  larvae.  As  in  the  case  of  the 
adults,  the  large  larvae  overcame  ventral  ground  reaction  through  a 
combination  of  photic  orientation  and  thigmotaxis. 
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A  New  Crayfish  of  the  Genus  Orconectes  from 
Southeastern  Virginia  (  Decapoda, 
Astacidae)1 

Horton  H.  Hobbs,  Jr. 

Miller  School  of  Biology ,  University  of  Virginia 

Only  three  crayfishes  of  the  genus  Orconectes  have  previously 
been  reported  from  Virginia:  (1)  Orconectes  limosus  (Rafinesque 
1817:  42)  from  the  northern  part  of  the  State  in  streams  flowing  into 
the  Atlantic  Ocean;  (2)  Orconectes  juvenilis  (Hagen  1870:  66)  from 
tributaries  of  the  Tennessee  River,  and  (3)  Orconectes  rusticus  forceps 
(Faxon  1884:  133)  from  the  same  drainage  system  as  the  latter.  Further¬ 
more,  the  range  of  the  new  species  herein  described  represents  the 
southermost  limits  of  the  range  of  the  typically  stream-dwelling  mem¬ 
bers  of  the  genus  along  the  Atlantic  seaboard. 

The  closest  relatives  of  this  new  species  are  found  from  Ontario 
and  New  York  west  to  Iowa  and  Wisconsin,  and  south  to  Ohio  and 
adjacent  West  Virginia  and  northeastern  Kentucky. 

Genus  ORCONECTES  Cope  1872 
Orconectes  virginiensis,  sp.  nov. 

Diagnosis. — Eyes  normal;  carapace  pigmented;  rostrum  with  lateral 
spines,  concave  above,  often  bearing  a  median  carina,  with  margins 
subparallel  and  not  thickened;  carapace  and  chela  strongly  setiferous; 
areola  about  3.5  times  longer  than  broad  with  six  or  seven  punctations 
in  narrowest  part,  length  28-30%  of  entire  length  of  carapace;  postor¬ 
bital  ridges  terminating  cephalad  in  spines;  carapace  with  a  single 
spine  on  each  side;  in  male,  hooks  on  ischiopodites  of  third  pereiopods 
only.  First  pleopod  of  male  reaching  cephalad  to  coxopodite  of  second 
pereiopod;  shoulder  absent  on  cephalic  surface;  central  projection 
slightly  longer  than  mesial  process,  neither  distinctly  spatulate  (figs. 
1,  2,  4  &  5).  Annulus  ventralis  weakly  sculptured  with  a  sinuous  longi¬ 
tudinal  sinus  (fig.  9). 

Holotypic  Male,  Form  I. —  Body  subcylindrical,  slightly  depressed. 
Abdomen  narrower  than  thorax  (8.3 — 8.7  mm:  in  widest  parts  respec¬ 
tively).  Width  of  carapace  greater  than  depth  in  region  of  caudodorsal 
margin  of  cervical  groove  (8.7 — 7.5  mm.). 

Areola  moderately  broad  (3.5  times  longer  than  wide)  with  six 
or  seven  punctations  across  narrowest  part;  cephalic  section  of  cara¬ 
pace  about  2.5  times  as  long  as  areola;  length  of  areola  about  28.2% 
of  entire  length  of  carapace. 

Rostrum  with  subparallel  margins  which  are  not  distinctly  thickened 


1  Contribution  from  the  Miller  School  of  Biology,  University  of  Virginia. 
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but  terminate  cephalad  in  straight  strong  acute  spines;  upper  surface 
deeply  concave,  and  bearing  setiferous  punetations.  Acumen  long,  sub- 
spiculiform,  and  extending  cephalad  to  distal  end  of  peduncle  of  an- 
tennule;  tip  not  upturned.  Subrostral  ridges  evident  in  dorsal  aspect 
for  only  a  short  distance  at  their  bases.  A  single  row  of  setiferous 
punetations  along  mesial  sides  of  marginal  ridges  extending  cephalad 
onto  acumen. 

Postorbital  ridges  prominent,  grooved  dorsolaterad,  and  produced 
cephalad  in  well  developed  acute  incurved  spines.  Suborbital  angle 
lacking.  Branchiostegal  spine  acute.  Lateral  surface  of  carapace  with 
a  strong  acute  spine  on  each  side.  Surface  of  carapace  studded  with 
setiferous  punetations  except  in  extreme  cephalolateral  ventral  portions 
where  there  are  setiferous  granulations. 

Abdomen  longer  than  carapace  (20.2 — 18.8  mm.). 

Cephalic  section  of  telson  with  two  spines  in  each  caudolateral 
corner. 

Epistome  broadly  ovate  without  a  cephalomedian  projection. 

Antennules  of  the  usual  form  with  prominent  spine  on  ventral 
surface  of  basal  segment. 

Antennae  broken  but  appear  to  have  extended  caudad  beyond 
mid-length  of  abdomen.  Antennal  scale  (fig.  7)  long,  moderately  broad, 
and  with  a  strong  spine  on  outer  distal  margin;  mesial  margin  of 
lamellar  portion  evenly  rounded. 

Chela  somewhat  depressed  with  the  palm  slightly  inflated;  all  sur¬ 
faces  bearing  setiferous  punetations.  Tubercle  present  on  lower  surface 
of  palm  at  base  of  dactyl.  Preserved  specimens  with  a  dark  band  en¬ 
circling  each  finger  a  short  distance  proximad  of  tips.  Inner  margin 
of  palm  with  an  irregular  row  of  ten  tubercles,  the  proximal  ones  of 
which  are  spiniform;  above  this  row  an  irregular  one  of  ten  smaller 
tubercles.  Fingers  only  slightly  gaping  at  base.  Upper  surface  of  im¬ 
movable  finger  with  a  broad  rounded  submedian  longitudinal  ridge 
flanked  by  setiferous  punetations;  another  ridge  extends  along  proxi¬ 
mal  two-thirds  of  finger  immediately  mesiad  to  the  afore-mentioned 
one.  Outer  margin  of  immovable  finger  bearing  a  well-defined  keel 
which  extends  proximad  almost  to  base  of  palm.  Lower  surface  of 
finger  also  bearing  a  submedian  longitudinal  ridge  flanked  by  setiferous 
punetations  with  the  setae  mesiad  of  ridge  long.  Opposable  margin  of 
immovable  finger  with  a  row  of  five  small  rounded  tubercles  along 
proximal  half  and  the  usual  one  at  base  of  distal  one-fourth;  crowded 
minute  denticles  along  distal  two-thirds.  Dactyl  similar  to  immovable 
finger  above  and  below;  mesial  margin  with  a  few  tubercles  along 
basal  one-fourth  and  not  keeled;  opposable  margin  with  four  or  five 
rounded  tubercles  along  basal  half  and  crowded  minute  denticles  in 
distal  half. 

Carpus  longer  than  broad  'with  broad  shallow  longitudinal  furrow 
above;  entire  podomere  bearing  setiferous  punetations.  Mesial  surface 
with  a  prominent  curved  acute  spine,  and  upper  mesiodistal  margin 
with  a  somewhat  smaller  one;  between  and  distad  of  these  spines  are 
long  plumose  setae;  lower  submedian  distal  margin  with  a  small  spine 
and  lower  laterodistal  margin  with  a  very  strong  one. 

Entire  surface  of  merus  with  widely  scattered  setiferous  puncta- 
tions — somewhat  more  numerous  on  upper  distal  surface  which  also 
bears  two  acute  spines.  Lower  surface  with  an  outer  row  of  two  very 
strong  curved  spines,  and  an  inner  row  of  six  which  are  progressively 
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larger  distad;  lower  laterodistal  margin  with  one  prominent  spine. 

Lower  proximal  surface  of  ischiopodite  with  a  small  rounded  tuber¬ 
cle. 

Hooks  on  ischiopodites  of  third  pereiopods  only;  hooks  strong  and 
simple. 

First  pleopod  extends  cephalad  to  coxopodite  of  second  pereiopods 
when  abdomen  is  flexed.  Tip  terminating  in  two  distinct  parts  which 
are  separated  for  a  moderate  distance  from  tips  (figs.  1  and  5).  Central 
projection  corneous,  straight  except  for  being  slightly  recurved  at  its 
distal  end.  Mesial  process,  which  does  not  extend  quite  so  far  distad  as 
does  central  projection,  non-corneous,  and  while  lying  subparallel  to 
the  central  projection  is  slightly  convex  caudad. 

Morphotypic  Male,  Form  II. — Differs  from  the  holotype  in  the  fol¬ 
lowing  respects;  All  spiny  elements  more  spiculiform;  carpus  of  cheliped 
with  a  small  tubercle  proximad  of  the  large  mesial  spine.  Upper  surface 
of  rostrum  with  a  median  longitudinal  slightly  elevated  area  (not  a 
carina) ;  slight  differences  occur  in  the  number  of  tubercles  on  the 
cheliped.  Hooks  on  ischiopodites  of  third  pereiopods  much  reduced. 
First  pleopod  extend  cephalad  to  second  pereiopod  when  abdomen  is 
flexed;  both  terminal  elements  non-corneous  and  in  close  apposition 
almost  to  tips  (figs.  2  and  4). 

Antennae  extend  caudad  to  fifth  abdominal  segment. 

Allotypic  Female. — Differs  from  the  holotype  in  the  following  re¬ 
spects:  Upper  surface  of  rostrum  with  a  median  longitudinal  raised 
area  in  distal  portion;  acumen  extends  slightly  distad  of  distal  end  of 
peduncle  of  antennule;  inner  margin  of  palm  of  chela  with  an  irregular 
row  of  eight  tubercles;  fingers  not  gaping  at  base;  epistome  broadly 
subtriangular. 

Annulus  ventralis  immovable,  fused  cephalically  with  the  sternum 
of  the  thorax,  weakly  sculptured  and  longest  in  the  transverse  axis. 
Sinus  meanders  along  median  line  in  the  caudal  two-thirds  of  the 
annulus  (fig.  9). 

Measurements. — As  follows  (in  millimeters) : 


Holotype 

Allotype 

Morphotype 

Carapace — height 

7.5 

7.8 

9.9 

— width 

8.7 

9.2 

11.4 

— length 

18.8 

19.7 

23.2 

Areola — length 

5.3 

5.5 

7.0 

— width 

1.5 

1.2 

1.9 

Rostrum — length 

6.5 

7.2 

7.6 

— width 

2.7 

2.9 

3.5 

Abdomen — length 

20.2 

21.9 

26.4 

Right  Chela — 

length  of  inner  margin  of  palm 

4.2 

3.4 

4.6 

width  of  palm 

4.7 

4.1 

5.0 

length  of  outer  margin  of  hand 

13.2 

10.9 

14.1 

length  of  dactyl 

7.2 

5.9 

7.8 

Type  Locality. — Rowanty  Creek,  a  tributary  of  the  Nottoway  River, 
3.3  miles  south  of  Reams  Station  on  U.  S.  Hy.  301.,  Dinwiddie  County, 
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Virginia.  (Dr.  Raney  has  kindly  furnished  the  following  data.)  At  this 
locality  Rowanty  Creek  is  a  black-water  stream,  about  thirty  feet  wide, 
flowing  through  a  wooded  swamp  at  a  rate  of  about  300  cu.  ft./sec.  and 
over  a  sandy  and  gravely  bottom  on  which  detritus  has  collected.  The 
temperature  of  the  water  at  10:00  A.  M.,  March  27,  1949  was  63°F.,  and 
that  of  the  air,  66°F.  The  crayfish  were  taken  with  a  10  ft.  minnow 
seine  from  the  shallower  (up  to  3  1/2  ft.)  portions  of  the  stream  in  an 
area  where  aquatic  vegetation  was  sparse.  This  collection  was  made  by 
E.  C.  Raney,  R.  D.  Suttkus,  H.  E.  Evans,  and  R.  M.  Roecker. 

Disposition  of  Types. — The  holotypic  male,  form  I,  and  the  allotypic 
female  (U.S.N.M.  nos.  91659  and  91660)  and  the  morphotypic  male, 
form  II  (U.S.N.M.  no.  91661)  are  deposited  in  the  United  States  National 
Museum.  The  following  paratypes  are  retained  in  my  personal  collection 
at  the  University  of  Virginia:  (no.  3-2148-5a,  2  males,  form  I,  1  female), 
(no.  3-2749-9b,  1  female,  1  female  with  eggs),  (no.  3-2148-4a,  1  male, 
form  I,  1  female),  (no.  5-3149-1,  2  males,  form  II,  6  females),  (3-2749- 
13b,  3  males,  form  I).  Three  paratypes  (1  male,  form  I,  1  female,  1  im¬ 
mature  female)  are  in  the  U.  S.  National  Museum  (no.  91666). 

Range. — All  of  the  specimens  I  have  examined  were  collected  in 
tributaries  of  the  Nottoway  River  in  Greensville,  Brunswick  and  Din- 
widdie  counties,  Virginia.  Greensville  Co. — Three  Creek,  8.5  mi.  S.W. 
of  Jarratt  on  U.  S.  Hy.  301,  coll.  E.  C.  Raney.  Brunswick  Co. — Waqua 
Creek,  coll.  Stuart  Abraham.  Dinwiddie  Co. — type  locality,  coll.  E.  C.  R.; 
Hatcher  Run,  trib.  of  Rowanty  Ck.,  7  mi.  S.  W.  of  Petersburg  on  U.  S. 
Hy.  1,  coll.  E.  C.  R.;  Stony  Ck.,  1.2  mi.  S.  of  Dinwiddie  on  U.  S.  Hy.  1, 
coll.  E.  C.  R.;  17.6  mi.  S.  W.  of  Petersburg  on  U.  S.  Hy.  1.,  coll.  P.  C. 
Holt  and  M.  L.  Bobb.2 

Variation. — The  rostrum  may  or  may  not  bear  a  median  longitudinal 
ridge  above.  The  chelae  of  some  specimens  are  densely  studded  with 
setae.  There  are  considerable  variations  in  the  number  of  tubercles  on 
the  chelipeds:  as  few  as  six  in  the  row  along  the  inner  margin  of  the 
palm;  as  few  as  one  on  the  opposable  margin  of  the  immovable  finger; 
and  none  on  corresponding  surface  of  dactyl;  carpus  with  two  prominent 
spines  on  the  mesial  margin  in  some  specimens;  merus  of  cheliped  with 
two  or  three  spines  near  the  upper  distal  margin  and  with  two  to  four 
in  the  lower  outer  row  and  six  to  eight  in  the  inner  row;  ischiopodite  of 
cheliped  with  from  one  to  three  tubercles  on  lower  proximal  surface. 
Mesial  process  of  first  pleopod  of  first  form  male  occasionally  reaches 
as  far  distad  as  does  central  projection. 

Relationships. — Orconectes  virginiensis  has  its  closest  affinities  with 
O.  propinquus  propinquus  (Girard,  1852:  88),  O.  propinquus  sanborni 
(Faxon,  1884:  128)  and  O.  propinquus  jeffersoni  Rhoades  (1944:  123). 
This  relationship  is  clearly  indicated  by  the  similarity  in  structure  of 
the  annuli  ventralis  and  the  first  pleopods  of  the  male.  It  may  readily 
be  distinguished  from  the  three  subspecies  of  O.  propinquus  by  the  more 
densely  punctate  and  strongly  pubsecent  carapace  and  chelae,  and  by 
comparing  the  annuli  ventralis  and  first  pleopods,  It  is  somewhat  more 
distantly  related  to  O.  obscurus  (Hagen,  1870:  69). 

The  range  of  O.  propinquus  propinquus  extends  from  Ontario  and 
New  York  west  to  Iowa  and  Wisconsin,  where  it  inhabits  streams  flowing 

2 1  wish  to  thank  Dr.  Edward  C.  Raney,  Dr.  M.  L.  Bobb,  and  Mr.  P.  C.  Holt 
for  the  specimens  on  which  this  description  is  based. 
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into  the  Great  Lakes  and  St.  Lawrence  River.  0 .  propinquus  sanborni 
occurs  in  streams  in  the  Ohio  drainage  system  in  southern  Ohio,  West 
Virginia,  and  Kentucky.  The  third  subspecies  of  0.  propinquus ,  0.  pro¬ 
pinquus  jeffersoni,  is  known  only  from  Jefferson  County,  Kentucky. 

0.  obscurus  frequents  the  upper  Ohio,  Alleghany,  and  Monongahela 
rivers  in  Pennsylvania  and  northern  West  Virginia.  It  has  also  been 
found  in  the  headwaters  of  the  Potomac  River  in  eastern  West  Virginia 
and  Alleghany  Co.,  Maryland. 

AN  ARTIFICIAL  KEY  TO  THE  SPECIES  OF  THE  GENUS 
ORCONECTES  OCCURRING  IN  VIRGINIA  OR  WHICH 
MAY  BE  EXPECTED  TO  BE  FOUND  HERE 

1  Sides  of  carapace  with  more  than  one  spine  on  each  side . 

. . . . . . . .  Orconectes  limosus  (Rafinesque) 

l'  Sides  of  carapace  with  only  one  spine  on  each  side .  2 

2(1/)  Margins  of  rostrum  thickened  and  concave  laterally . 

.  0.  rusticus  forceps  (Faxon) 

2'  Margins  of  rostrum  not  thickened,  and  convergent  or  subparallel  3 
3(2')  Margins  of  rostrum  convergent;  rostrum  without  a  median 

carina . - . . . .  0.  obscurus  (Hagen) 

3'  Margins  of  rostrum  parallel  or  nearly  so ;  median  carina  present 

or  absent  . . . . . .  4 

4(3')  Male  with  first  pleopods  reaching  coxa  of  cheliped  when  ab¬ 
domen  is  flexed;  annulus  ventralis  of  female  with  a  deep  hori¬ 
zontal  depression  . . .  0.  juvenilis  (Flagen) 

4'  Male  with  first  pleopods  reaching  coxa  of  second  pereiopod 
when  abdomen  is  flexed ;  annulus  ventralis  with  no  distinct 
horizontal  depression  . .  0.  virginiensis  sp.  nov. 

LITERATURE  CITED 

Faxon,  W.  1884 — Descriptions  of  new  species  of  Cambarus;  to  which 
is  added  a  synonymical  list  of  the  known  species  of  Cambarus  and 
Astacus.  Proc.  Amer.  Acad.  Arts  and  Sci.,  20:  107-158. 


Explanation  of  Figures. —  ( Pubescence  removed  from  all  struc¬ 
tures  illustrated  except  in  figure  10.)  1.  Mesial  view  of  first  pleopod  of 
holotype.  2.  Mesial  view  of  first  pleopod  of  morphotype.  3.  Dorsal 
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carpus,  propus  and  dactyl  of  first  pereiopod  of  holotype. 
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News  and  Notes 

(Editor's  note :  News  contributions  should  be  sent  to  the  person 
whose  name  appears  at  the  end  of  the  appropriate  section.) 

WORTLEY  FULLER  RUDD 

Wortley  Fuller  Rudd,  Ph.B.,  M.A.,  Sc.D.,  L.H.D.,  Dean  Emeritus 
of  the  School  of  Pharmacy  of  the  Medical  College  of  Virginia,  died 
in  Richmond,  Virginia,  on  July  26,  1950.  He  was  born  at  Skinquarter 
in  Chesterfield  County,  Virginia,  on  October  6,  1876.  There  he  received 
his  early  education,  moving  on  later  to  the  University  of  Richmond, 
where  he  was  awarded  the  A.B.  degree  in  1898.  Following  a  period  of 
high  school  teaching  at  Brookneal  Institute  and  in  the  public  schools 
of  Manchester  and  Richmond,  Dean  Rudd  entered  the  Medical  College 
of  Virginia  and  received  the  Bachelor  of  Pharmacy  degree  in  1902. 
During  his  early  years  of  college  teaching,  he  attended  summer  sessions 
at  Columbia  University,  where  he  received  the  degree  of  Master  of 
Arts  in  chemistry  in  1911.  His  appointment  as  Instructor  in  Pharmacy 
in  the  Medical  College  of  Virginia  came  in  1906,  as  Professor  of  Chem¬ 
istry  in  1910.  In  1920  he  succeeded  Albert  Bolenbaugh  as  Dean  of  the 
School  of  Pharmacy,  which  post  he  held  until  his  retirement  on  July 
1,  1947. 

Dean  Rudd  served  as  president  of  the  American  Association  of  Col¬ 
leges  of  Pharmacy,  the  Southern  Association  of  Science  and  Industry, 
the  Virginia  Academy  of  Science  and  the  Virginia  Section  of  the  Ameri¬ 
can  Chemical  Society.  He  also  served  on  the  governing  boards  of  the 
Richmond  Professional  Institute  and  the  College  of  William  and  Mary 
and  the  Virginia  State  Chamber  of  Commerce. 

His  term  as  first  president  of  the  Southern  Association  of  Science 
and  Industry  gave  impetus  in  its  beginning  to  an  organization  now 
grown  strong  in  its  objective  of  bringing  about  closer  coordination  be¬ 
tween  Southern  educators,  scientists  and  industrialists.  He  received  the 
Distinguished  Service  Award  from  the  Virginia  Section  of  the  American 
Chemical  Society  in  1948.  His  presidency  of  the  Virginia  Academy  of 
Science  was  prosecuted  with  such  effectiveness  that  in  1941  he  was 
named  Virginia’s  man  of  the  year  in  Science  and  in  1950  an  honorary 
member  of  the  Academy.  He  received  the  honorary  doctorate  of  science 
from  the  University  of  Maryland  in  1941,  and  the  accompanying  citation 
praised  him  for  “doing  as  much,  if  not  more,  than  any  one  person  as 
teacher,  writer,  editor  and  association  worker,  to  advance  the  standards 
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of  pharmaceutical  education,  to  elevate  the  practice  of  pharmacy  and  to 
enlist  the  support  of  pharmacists  for  the  advancement  of  science  in 
general.” 

His  contributions  were  also  recognized  by  the  University  of  Tampa, 
which  conferred  upon  him  an  honorary  doctorate  of  humane  letters,  and 
by  the  Medical  College  of  Virginia,  which  conferred  upon  him  his  second 
honorary  doctorate  of  science.  One  of  his  most  cherished  possessions  was 
the  Herty  Medal,  awarded  him  by  the  Georgia  Section  of  the  Ameri¬ 
can  Chemical  Society  for  his  outstanding  contributions  to  chemistry 
in  the  Southeast. 

This  partial  recitation  of  his  achievements  tells  but  little  of  the  man 
who  taught  and  was  loved  and  respected  by  several  generations  of  stu¬ 
dents  for  his  high  character  and  personal  traits. 

Many  had  the  delightful  experience  of  being  guests  in  the  home 
which  he  made  with  his  beloved  wife,  the  former  Kate  Porter  Vaden, 
who  died  on  March  13,  1951.  Here  they  welcomed  their  friends,  young 
and  old,  and  it  was  an  unusual  evening  which  did  not  find  them  enter¬ 
taining  informally  those  who  dropped  in  at  1614  Park  Avenue.  Those 
who  knew  the  warmth  of  their  friendship  and  hospitality  will  never 
forget  Dean  and  Mrs.  Rudd. 
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SECTION  NEWS 
Agricultural  Science  Section 

Associate  Professor  S.  H.  Byrne  of  the  Agricultural  Engineering 
Department,  Virginia  Polytechnic  Institute,  began  a  two-year  leave  July 
1,  1950,  to  attend  Iowa  State  College  for  further  study  toward  com¬ 
pleting  work  for  his  doctorate  degree. 

During  Professor  Byrne’s  absence,  Associate  Professor  U.  F.  Earp 
was  transferred  from  half-time  research  and  half-time  college  teaching 
to  three-fourths  college  time.  He  was  also  appointed  Acting  Course 
Advisor  while  Professor  Byrne  is  on  leave. 

B.  F.  Parker  and  F.  E.  White  joined  the  Agricultural  Engineering 
Department  on  September  1,  1950.  Mr.  Parker  received  his  B.  S.  from 
the  Virginia  Polytechnic  Institute  and  Mr.  White  received  his  B.S. 
from  North  Carolina  State  College. 

Mr.  William  E.  Chappell  and  Mr.  John  I.  Shafer  have  recently 
joined  the  staff  of  the  Department  of  Plant  Pathology  and  Physiology, 
as  physiologist  and  associate  physiologist,  respectively.  Mr.  Chappell 
received  his  Ph.D.  degree  from  Cornell  University  and  came  to  Virginia 
Polytechnic  Institute  from  the  Herbicide  Testing  Laboratory  at  Belts- 
ville,  Md.  of  which  he  was  head  for  the  past  three  years.  Mr.  Shafer 
received  his  Ph.D.  degree  from  Cornell  University,  spent  three  years 
in  vegetable  research  at  the  New  York  Experiment  Station  at  Geneva, 
and  came  to  Virginia  Polytechnic  Institute  from  the  University  of  Wis¬ 
consin  where  he  had  been  employed  as  instructor  in  botany.  Mr.  Chappell 
will  conduct  research  on  weed  control.  Mr.  Shafer  will  do  half-time 
research  for  station  and  half-time  teaching  for  the  college. 

Two  new  research  laboratories  are  now  available  for  the  staff  and 
students  of  the  Department  of  Horticulture  at  the  Virginia  Polytechnic 
Institute,  for  conducting  projects  involving  various  chemical  and  physio¬ 
logical  tests.  A  large  new  processing  laboratory  has  been  established 
which  includes  three  walk-in  refrigerated  storages.  With  the  equipment 
which  is  available,  this  makes  it  one  of  the  better  processing  laboratories 
in  this  part  of  the  country. 

— T.  J.  Nugent,,  Box  2160,  Norfolk. 

Astronomy,  Mathematics,  and  Physics  Section 

Mr.  Harold  L.  Alden,  Director  of  the  McCormick  Observatory  of 
the  University  of  Virginia,  is  Chairman  of  the  Astronomy  Section  of 
the  A  A  AS. 

Mr.  Linwood  A.  Cosby  has  joined  the  Physics  Department  of  the 
Virginia  Military  Institute. 

Members  of  this  Section  have  heard  with  regret  of  the  death  of 
Mr.  C.  Y.  Hsu,  Chairman  of  the  Department  of  Physics  at  Hampton 
Institute.  Dr.  Hsu  was  a  native  of  China,  but  received  his  education 
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in  this  country,  earning  degrees  from  the  University  of  Richmond,  the 
University  of  Chicago,  and  Cornell  University.  Hs  served  as  Professor 
of  Physics  at  several  Chinese  universities,  and  returned  to  this  country 
in  1948.  He  has  been  at  Hampton  since  1949. 

The  Sigma  Xi  lecturer  for  this  year  is  Mr.  George  Gamow,  Pro¬ 
fessor  of  Theoretical  Physics  at  George  Washington  University.  Sigma 
Xi  chapters  at  the  Virginia  Polytechnic  Institute  and  the  University 
of  Virginia  have  had  the  pleasure  of  hearing  his  lecture  on  “The 
Origin  and  Evolution  of  the  Universe.” 

Three  members  of  this  Section  are  serving  on  the  Governor’s 
Advisory  Council  dealing  with  defense  against  atomic  bombing.  They 
are  Mr.  T.  E.  Gilmer  of  Hampden  Sidney  and  Messrs.  Jesse  Beams 
and  E.  C.  Stevenson  of  the  University  of  Virginia. 

The  Fourth  Annual  Conference  of  Mathematics  Teachers  was  held 
at  the  University  of  Virginia  on  February  23  and  24.  Several  members 
of  this  Section  attended  the  seminars  on  Mathematics  Teaching  in 
High  Schools,  Mathematics  Preparation  needed  by  the  Armed  Services, 
Laboratory  for  the  Production  of  Aids  in  Teaching  Mathematics. 

Henry  Louis  Smith 

In  the  recent  death  of  Mr.  Henry  Louis  Smith  physics  has  lost 
one  of  its  pioneers  of  the  southeastern  region.  Mr.  Smith  is  said  to 
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have  been  the  first  physicist  in  the  United  States  to  apply  Roentgen’s 
discovery  of  X-rays  in  the  field  of  medical  X-ray  photography.  He  was 
also  responsible  for  the  development  of  the  small  balloons  used  to 
carry  propaganda  messages  to  Germany  in  the  First  World  War. 
Although  born  in  Greensboro,  North  Carolina,  he  came  of  an  old  Virginia 
family,  and  was  educated  at  Davidson  College  and  the  University  of 
Virginia,  the  latter  from  which  he  received  his  Ph.D.  degree.  He  later 
did  post-graduate  work  at  Harvard  and  Cornell.  In  1887  he  became 
Professor  of  Physics  at  Davidson  College  and  was  made  the  President. 
In  1912  he  accepted  the  Presidency  of  Washington  and  Lee  University, 
where  he  served  until  1929.  He  retired  as  President  Emeritus  and 
resided  in  Greensboro  until  his  death. 

—I.  G.  Foster,  Virginia  Military  Institute. 

Biology  Section 

Mr.  Ivey  F.  Lewis,  honorary  member  of  the  Academy  and  Dean  of 
the  University  of  Virginia,  has  recently  been  elected  Chairman  of  Section 
G,  Botanical  Sciences,  and  Vice-President  of  the  American  Association 
for  the  Advancement  of  Science. 

Mr.  Edwin  W.  Pullen,  graduate  student  and  Instructor  in  Biology  in 
the  Miller  School  of  Biology,  University  of  Virginia,  has  accepted  a 
teaching  position  in  the  School  of  Anatomy,  Department  of  Medicine, 
University  of  Virginia. 

Mr.  Walter  S.  Flory,  Blandy  Experimental  Farm,  University  of 
Virginia  was  recently  awarded  the  President  and  Visitors’  Research 
Prize.  The  especially  meritorious  paper  which  was  the  basis  of  the 
award  was  published  in  the  first  volume  of  the  Virginia  Journal  of 
Science.,  N.  S. 

Mr.  Warwick  Reed  West,  Jr.  has  been  awarded  the  Andrew  Fleming 
Prize  in  Biology,  University  of  Virginia.  This  Prize  is  given  annually  to 
a  graduate  student  for  excellence  in  scholarship  and  research  accom¬ 
plished.  Mr.  West  did  his  undergraduate  work  at  Lynchburg  College. 

— Ladley  Husted,  University  of  Virginia. 

CHEMISTRY  SECTION 

Mr.  E.  A.  Tippetts,  of  du  Pont,  in  Richmond,  has  been  made  direc¬ 
tor  of  viscose  rayon  research,  and  has  moved  to  Wilmington. 

Dr.  Lyndon  F.  Small,  formerly  active  in  the  Academy,  has  succeed¬ 
ed  Dr.  C.  S.  Hudson  as  Chief  of  the  National  Institute  of  Arthritic  and 
Metabolic  Diseases  of  the  National  Institute  of  Health. 

Dr.  Garnett  Ryland,  long  active  in  the  affairs  of  the  Academy,  is 
one  of  twenty-four  who  will  be  honored  at  the  national  spring  meeting 
of  the  American  Chemical  Society  on  their  completion  of  fifty  years 
of  continuous  membership. 
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From  the  Virginia  Polytechnic  Institute: 

Mr.  F.  C.  Vilbrandt,  head  of  the  department  of  chemical  engineer¬ 
ing,  attended  a  meeting  in  Richmond  in  January  of  the  Committee  on 
Industry,  Advisory  Council  of  Virginia  Economy. 

Mr.  Nelson  F.  Murphy,  Research  Professor  of  Chemical  Engineer¬ 
ing,  recently  attended  a  research  conference  in  Dayton,  Ohio,  of  the  Air 
Material  Command,  in  connection  with  work  being  conducted  at  the 
Institute. 

Mr.  Frank  Vingiello,  associate  professor  of  chemistry,  attended  a 
conference  on  “Mechanisms  of  Organic  Reactions,”  in  Evanston,  Illinois, 
August  29  through  September  2. 

From  the  Medical  College  of  Virginia: 

Dr.  G.  Watson  James,  III,  and  Dr.  Lynn  D.  Abbott  presented  a 
paper  *at  the  American  Federation  for  Clinical  Research,  held  in  New 
Orleans  on  January  26,  1951.  The  title  of  the  paper  was  “Nitrogen  and 
Phosphorus  Metabolism  in  Pernicious  Anemia  during  Remission  In¬ 
duced  by  Crystalline  Vitamin  B12.” 

Dr.  Nelson  F.  Young  attended  the  symposium  on  radioisotopes, 
held  in  New  York,  on  January  19,  1951. 
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Some  publications  from  the  Medical  College  of  Virginia: 

J.  C.  Forbes,  C.  D.  Cox,  and  J.  D.  Smith,  “Effect  of  Certain  Hen- 
decynoic  Acids  and  their  Ammonium  Salts  on  Acid  Production  in  Saliva 
Containing  Glucose.”  Journal  of  Dental  Research,  October,  1950. 

J.  C.  Forbes  and  G.  M.  Duncan,  “Effect  of  Alcohol  on  Liver 
Lipids  and  on  Liver  and  Heart  Glycogen,” Quarterly  Journal  of  Studies 
on  Alcohol,  September,  1950. 

R.  W.  Fowkles  and  J.  C.  Forbes,  “Cholesterol  Fractionation 
Studies  of  the  Serum  on  Xanthelasma  Patients,”  Archives  of  Dermatol¬ 
ogy  and  Sy philology ,  November,  1950. 

Some  publications  from  the  University  of  Virginia: 

W.  R.  Nes  and  Alfred  Burger,  “Amine  and  Enol  Derivatives  of 
1,1,1-Trifluoropropane,”  Jour.  Am.  Chem.  Soc.,  72,  5409  (1950). 

Alfred  Burger  and  William  B.  Bennett,  “Amine  Derivatives  of 
2,2-Diphenyl  cyclohexanone,”  Jour.  Am.  Chem  Soc.,  72,  5415  (1950). 

Alfred  Burger,  L.  B.  Turnbull,  and  J.  G.  Dinwiddie,  Jr.,  “Some 
Derivatives  of  Tetrahydropyranones.  Potential  Pharmacodynamic 
Agents.  II,”  Jour.  Am.  Chem.  Soc.,  72,  5513,  (1950). 

R.  E.  Lutz,  Rosser  L.  Wavland,  Haywood  G.  France,  “Reduction  of 
alpha-Haloketones  to  Halohydrins  by  Lithium  Aluminum  Hydride,” 
Jour.  Am.  Chem.  Soc.,  72,  5511,  (1950). 

Lester  P.  Kuhn,  R.  E.  Lutz,  and  Carl  R.  Bauer,  “A  Spectroscopic 
Study  of  Cis-  and  Trans-Dibenzoylethylenes  and  Related  Compounds,” 
Jour.  Am.  Chem.  Soc.,  72,  5058  (1950) — William  E.  Trout,  Jr.,  Box 
168,  University  of  Richmond,  Virginia. 

Education  Section 

Kellogg  Foundation  Supports  Project  in  School  Administration 

School  administrators  in  Virginia  will  participate  in  a  nation-wide 
project  for  the  improvement  of  educational  administration.  The  project 
is  sponsored  by  the  American  Association  of  School  Administrators  and 
financed  by  the  Kellogg  Foundation.  Three  million  dollars  have  been 
made  available  for  the  nation-wide  project  during  a  five-year  period. 
This  fund  will  be  administered  by  six  institutions,  representing  various 
regions  of  the  United  States  (Harvard  University,  Teachers  College  of 
Columbia  University,  Peabody  College,  University  of  Chicago,  University 
of  Texas,  and  a  university  in  the  west  to  be  selected). 

A  committee  has  been  appointed  by  the  State  Superintendent  of 
Public  Instruction  to  co-ordinate  the  activities  in  Virginia  which  come 
within  the  Cooperative  Program  of  Educational  Administration.  The 
first  meeting  of  this  committee  was  held  at  the  University  of  Virginia, 
March  8.  The  following  members  attended  and  participated  in  the  dis¬ 
cussions:  Dowell  J.  Howard,  Superintendent  of  Public  Instruction; 


136 


The  Virginia  Journal  of  Science 


[ April 


Lindley  J.  Stiles,  Dean,  Department  of  Education,  University  of  Vir¬ 
ginia;  George  J.  Oliver,  Head  of  Department  of  Education,  College  of 
William  and  Mary;  Robert  O.  Nelson,  President  of  Superintendents  As¬ 
sociation;  William  J.  DeLong,  President  of  Secondary  School  of  Princi¬ 
pals  Association;  Ethel  Nash,  President  of  Elementary  School  Princi¬ 
pals  Association;  and  J.  T.  Henley,  Chairman,  Albemarle  County  School 
Board. 

Projects  which  may  be  undertaken  in  Virginia  will  not  be  under 
the  supervision  of  either  of  the  regional  institutions,  but  consultative 
service  will  be  available  from  project  staff  members  located  at  both 
Peabody  College  and  Teachers  College.— F.  G.  Lankford,  Jr..  Peabody 
Hall,  University  of  Virginia. 

Engineering  Section 

The  following  minutes  of  the  business  meeting  of  the  Engineering 
Section  of  the  Academy  were  omitted  from  the  Proceedings  for  1949-50. 

At  a  business  meeting  of  the  section  the  following  officers  were 
elected  for  1950-51 :  R.  E.  L.  Gildea,  Chairman,  University  of  Vir¬ 
ginia;  B.  A.  Niemeier,  Secretary,  Experiments,  Incorporated,  and  Nel¬ 
son  F.  Murphy,  Section  Editor,  Virginia  Polytechnic  Institute. 

The  nominating  committee  consisted  of  Prof.  F.  C.  Vilbrandt  and 
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D.  H.  Pletta  of  the  Virginia  Polytechnic  Institute,  and  Prof.  R.  M. 
Hubbard  of  University  of  Virginia. 

The  second  annual  Engineering  Conference,  under  the  auspices  of 
the  Association  for  the  Advancement  of  Engineering,  an  organization 
of  all  engineering  students,  was  held  at  the  Virginia  Polytechnic  Insti¬ 
tute  on  February  23,  1951.  Mr.  John  A.  Umlauf,  Richmond,  is  president 
of  the  organization. 

Leo  J.  Pantas,  manager,  Salem  division,  Yale  &  Towne  Manu¬ 
facturing  Co.,  was  tlie  featured  speaker  at  the  annual  banquet  held  dur¬ 
ing  the  evening  of  the  first  day  of  the  two-day  session,  February  23 
and  24. 

Earlier  in  the  day  Dr.  Thomas  A.  Boyd,  Research  Consultant,  Re¬ 
search  Laboratory  Division,  General  Motors  Corp.;  Paul  H.  Robbins, 
Executive  Director,  National  Society  of  Professional  Engineers;  and 
Philip  Sporn,  president,  American  Gas  and  Electric  Service  Corp.,  spoke 
at  a  convocational  session  which  opened  the  conference. 

Industrialists  from  three  states  and  the  District  of  Columbia  at¬ 
tended  the  event,  and  many  of  them  held  interviews  with  engineering 
seniors  who  expect  to  be  graduated  in  June. 

Through  the  two  days,  all  the  departments  of  the  buildings,  and 
some  of  the  professional  and  honorary  fraternities  as  well  as  curricular 
clubs  also  had  displays. 

Dr.  Walter  S.  Newman,  President  of  the  Virginia  Polytechnic  Insti¬ 
tute,  was  the  speaker  at  the  Friday  luncheon  held  in  the  small  hall  of  the 
main  dining  hall.  He  was  high  in  his  praise  of  the  students  for  their 
farsightedness  in  the  program,  and  spoke  of  the  balance  between  theory 
and  application  they  received  in  their  engineering  training.  He  also 
spoke  of  the  research  corporation  set  up  by  the  last  General  Assembly, 
which  made  the  corporation  known  as  the  Virginia  Engineering  Experi¬ 
ment  Station  where,  through  a  small  appropriation,  work  will  be  done  on 
basic  research.  When  the  point  arrives  where  some  practical  application 
is  shown,  industry  will  take  over.  The  program  is  designed  primarily  to 
aid  Virginia  industry. 

Pantas,  in  his  address,  called  the  20th  century  “the  century  of  the 
engineer.  Never  before,”  he  claimed,  “has  American  industry  offered 
such  opportunity  as  it  does  today  to  the  engineer.  In  our  own  country, 
where  the  American  dream  of  a  rich  full  life  for  all  our  people  is  still 
unfilled,  there  is  enormous  work  to  be  done.” 

He  warned  the  young  engineers  and  students  that  “I  do  not  mean 
to  say  that  your  engineering  degree,  of  itself,  will  be  an  open  sesame  to 
a  glorious  and  successful  future.” 

Sporn,  speaking  Friday  morning,  doubted  the  practicality  of  the 
commercialization  of  atomic  energy.  “I  like  to  think  the  second  industrial 
revolution  began  five  years  ago,  and  we  are  headed  into  the  results  now.” 
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THE  BIRD  IMPACT  MILL 


Although  designed  primari¬ 
ly  for  the  grinding  of  ferti¬ 
lizer  materials,  the  Bird 
Impact  Mill  is  also  satisfac¬ 
tory  for  general  laboratory 
work.  It  takes  material 
Va  in.  mesh  or  smaller  as 
obtained  from  the  Chip¬ 
munk  crusher  and  reduces 
to  any  desired  mesh  in  one 
grinding  .  .  .  Simplicity, 
elimination  of  dangling 
parts,  ease  of  cleaning  and 
ample  power  for  the  heavi¬ 
est  pulverizing  jobs  are 
points  that  have  been 
stressed  in  its  design. 


<$> 


The  massive  eight-armed  stainless  steel  rotor  is  easily  removed  for 
cleaning.  No  hammers,  nuts,  screws  or  pins  are  used  in  its  construc¬ 
tion,  thus  there  are  no  projections  or  pokets  to  trap  material.  Stainless 
steel  screens  may  be  changed  with  fingers  alone.  Hinge  wear  is 
reduced  to  a  minimum  by  use  of  steel  pins  turning  in  needle  bearings. 

^Phipps  dr  ^Bircl  ’^nc- 

RICHMOND,  VIRGINIA 
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Dr.  Boyd  emphasized  that  many  big’  war  developments  result  from 
“researches  done  in  the  period  of  peace  preceding  the  war.  In  World 
War  II  that  was  true  of  100  octane  aviation  gasoline,,  of  synthetic  rub¬ 
ber,,  of  radar,  of  the  atom  bomb  and  most  of  the  other  developments  that 
helped  us  on  to  victory.” 

Robbins  discussed  the  pressing  need  for  engineers.  According  to 
Robbins,  there  is  a  shortage.  He  said,  “Within  a  month  or  six  weeks 
after  they  graduated  last  year,  50,000  engineers  had  jobs  and  there 
were  still  jobs  to  be  filled.” 

Friday  afternoon  was  devoted  to  forums  or  symposia  in  each  en¬ 
gineering  department.  The  speakers  and  discussion  leaders  for  these 
symposia  were  alumni  and  officials  experienced  in  the  separate  fields. 

The  activities  closed  with  an  Engineering  Ball  on  Saturday  eve¬ 
ning,  where  President  Newman  crowned  Miss  Gloria  Fenderson,  of 
Petersburg,  as  Queen  of  Engineering. — Nelson  F.  Murphy,  Virginia 
Polytechnic  Institute. 

Geology  Section 

William  M.  McGill,  State  Geologist,  reports  that  the  survey  and 
mineral  evaluation  of  certain  tracts  forming  Virginia’s  part  of  Cum¬ 
berland  Gap  National  Historical  Park  have  been  completed  by  W.  T. 
Harnsberger  and  H.  C.  Sunderman,  stall  geologists.  Mr.  Sunderman  also 
completed  a  preliminary  examination  of  reported  explorational  activities 
for  manganese  in  Russell  County.  The  State  Geological  Survey,  in  co¬ 
operation  with  the  Federal  Geological  Survey,  has  begun  a  restudy  of  the 
coal  resources  of  Virginia,  which  will  require  two  to  four  years  to  com¬ 
plete. 

Mr.  S.  S.  Obenshain.  agronomist  for  the  Virginia  Agricultural  Ex¬ 
periment  Station,  reports  the  recent  inauguration  of  a  research  project 
on  the  fundamental  properties  of  soils,  which  will  be  concerned  in  part 
with  the  clay  mineralogy  of  soils.  The  work  is  being  done  by  Messrs. 
Charles  I.  Rich  and  J.  D.  Pendleton.  Field  soil  surveys  are  now  in 
progress  in  Nottoway  and  Norfolk  counties. 

Mr.  William  T.  Parrott,  engineering  geologist  for  the  Virginia  De¬ 
partment  of  Highways,  presided  at  the  Department’s  second  symposium 
on  geology  as  applied  to  highway  engineering,  which  was  held  in  the 
auditorium  of  the  Highway  Building  in  Richmond,  February  16.  Ap¬ 
proximately  150  geologists  and  engineers  attended.  Among  the  papers 
presented  were  those  by  A.  B.  Cornthwaite,  Frank  W.  Wheeler,  and 
Byron  N.  Cooper.  The  1952  symposium  will  be  held  at  Virginia  Military 
Institute,  Lexington,  with  Mr.  Robert  L.  Laurence  of  the  U.  S.  Geologi¬ 
cal  Survey  in  charge  of  the  program. 

The  Third  Southeastern  Mineral  ’Symposium  was  held  at  Emory 
University,  Atlanta,  Georgia,  on  March  29-April  1,  with  several  hundred 
geologists  and  engineers  attending.  Messrs.  B.  N.  Cooper  and  W.  D. 
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Laboratory  and  Industrial  Chemicals 
Chemical  Equipment 

Complete  Stocks  —  Prompt  Service 


POST  OFFICE  BOX  828 
DURHAM.  NORTH  CAROLINA 


ANALYTICAL  BALANCES 
COLORIMETERS 
HOT  PLATES 
MICROSCOPES 
pH  METERS 
REFRACTOMETERS 
TUBING 
CENTRIFUGES 


LABORATORY  REAGENTS 
COORS  PORCELAIN 
FILTER  PAPERS 
KIMBLE  GLASSWARE 
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Lowry,  of  the  geology  department  of  Virginia  Polytechnic  Institute,  at¬ 
tended  the  meeting  and  also  the  preliminary  organizational  meeting  of 
the  newly  authorized  Southeastern  Section  of  the  Geological  Society  of 
America.  The  Planning  Committee  of  the  Mineral  Symposium  received 
an  invitation  for  the  1952  symposium  to  be  held  at  Virginia  Polytechnic 
Institute. — Byron  N.  Cooper,  Virginia  Polytechnic  Institute. 

Psychology  Section 

The  Society  of  Experimental  Psychologists  held  its  annual  meeting 
at  the  University  of  Virginia  on  March  20  and  21.  This  was  the  first 
time  that  this  distinguished  group  of  psychologists  had  met  in  Vir¬ 
ginia,  and  only  its  second  meeting  at  a  Southern  institution.  Mr.  Frank 
A.  Geldard  is  the  Society’s  Chairman. 

The  annual  meeting  of  the  Southern  Society  for  Philosophy  and 
Psychology  was  held  in  Roanoke  on  March  22-24,  with  Washington  and 
Lee,  Hollins,  and  Roanoke  College  as  co-host  institutions.  William  M. 
Hinton  was  in  charge  of  local  arrangements  for  the  meetings.  State 
psychologists  were  strongly  represented  on  the  program.  Six  papers 
were  presented  by  Virginia  psychologists,  while  others  participated  in 
the  Symposium  on  Learning  Theory  (F.  W.  Finger,  S.  B.  Williams,  and 
L.  S.  Reid),  and  in  the  joint  philosophy-psychology  session  on  “Cyber¬ 
netics  in  Relation  to  a  Theory  of  Mind”  (R.  H.  Henneman).  D.  M. 
Allan  is  Secretary  of  the  Society,  while  R.  H.  Henneman  is  Society 
Treasurer. 

The  Virginia  Examining  Board  for  Clinical  Psychologists  issued, 
on  November  18,  its  certificate  to  Mrs.  Lois  S.  Kriegman  of  Richmond, 
after  examination,  and  to  Mr.  Gilbert  J.  Rich  of  Roanoke,  by  reciprocity. 

Mr.  Frank  A.  Geldard  has  recently  assumed  the  Chairmanship  of 
the  Human  Resources  Committee,  Research  and  Development  Board, 
Office  of  the  Secretary  of  Defense,  replacing  Mr.  Donald  G.  Marquis  of 
the  University  of  Michigan.  Civilian  members  of  the  Committee  con¬ 
tinue  to  be:  Mr.  C.  L.  Shartle,  Mr.  S.  A.  Stouffer,  and  Mr.  W.  C.  Men- 
ninger.  Prof.  W.  S.  Hunter  of  Brown  University  is  Deputy  Chairman. 

John  N.  Buck  conducted  a  five-day  Workshop  on  the  H-T-P,  under 
the  auspices  of  the  Veterans  Administration  Mental  Hygiene  Clinic  in 
Philadelphia,  February  12-16 — Richard  H.  Henneman,  University 
of  Virginia. 

Statistics  Section 

G.  W.  Tyler  has  left  the  Navy  Electronics  Laboratory  in  San  Diego 
and  is  now  with  the  Department  of  the  Air  Force. 

Boyd  Harshbarger  has  returned  from  a  consulting  post  with  the 
Navy  Electronics  Laboratory  in  San  Diego. 

J.  Youden  delivered  the  Sigma  Xi  Lecture  at  Virginia  Polytechnic 
Institute. 
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G.  W.  Suter  is  now  with  the  Crop  Reporting  Service  in  Richmond. 

W.  S.  Flory  of  the  Blandy  Experimental  Farms,  University  of  Vir¬ 
ginia,  lectured  at  the  Virginia  Polytechnic  Institute  joint  seminar  in 
Statistics  and  Horticulture. 

R.  A.  Bradley  and  M.  E.  Terry  of  Virginia  Polytechnic  Institute 
delivered  a  joint  paper  at  the  Oak  Ridge  meetings  of  the  Biometrics  So¬ 
ciety,  which  were  also  attended  by  Boyd  Harshbarger  and  D.  B.  Duncan 
of  Virginia  Polytechnic  Institute. 

A  special  section  of  the  Engineering  Statistics  course  is  being  offered 
at  the  Radford  Arsenal  as  a  service  of  the  Virginia  Polytechnic  Instiute. 

A  program  of  intensive  courses  August  8-25  running  two  hours  each 
per  day  and  carrying  full  college  credit  wil  be  conducted  by  the  Depart¬ 
ment  of  Statistics  of  the  Virginia  Polytechnic  Institute  and  the  United 
States  Department  of  Agriculture  at  the  Virginia  Polytechnic  Institute. 
Seminar  speakers  will  include  some  of  the  nation’s  distinguished  statisti¬ 
cians.  For  further  information  write  to  the  Department  of  Statistics. 

M.  E.  Terry,  Virginia  Polytechnic  Institute. 
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Virginia  Academy  of  Science 

OFFICERS 

Guy  W.  Horsley.  President 
E.  C.  L.  Miller,  Secretary-Treasurer  Emeritus 
Foley  F.  Smith,  Secretary-Treasurer 
Paul  M.  Patterson,  President-Elect 

COUNCIL 
(Board  of  Trustees) 

Elected  Members 

Edward  S.  Harlow  (1951)  John  N.  Buck  (1953) 

Allan  T.  Gwatiimey  (1952)  Ladley  Husted  (1954) 

Marcellus  H.  Stow  B.  W.  Jarman  (1955) 

Boyd  Harshbarger  Horton  H.  Hobbs,  Jr. 

Ex-Officio  Members 

Jesse  W.  Beams  (1951)  Sidney  S.  Negus  (1952) 

Boyd  Harshbarger  (1953) 

LOCAL  COMMITTEE  ON  ARRANGEMENTS 
Harold  H.  Garretson,  Co-Chairman 
Ruskin  S.  Freer,  Co-Chairman 
John  G.  Mahan,  V.  Howard  Belcher,  Meeting  Rooms 
Ruth  R.  Bahous,  Mabel  A.  Sawyer,  Registration 
Grover  W.  Everett,  Housing  and  Parking 
M.  Weldon  Thompson,  Projection  Equipment 
Mervyn  W.  Williamson,  Public  Relations 
Clyde  E.  Miller,  John  G.  Mahan,  Exhibits 
Pearl  G.  Griffin,  Sallie  Scott,  Dinners  and  Luncheons 
Wilson  F.  Wetzler,  Guest  Speakers 
Donald  D.  Shipley,  Laura  Jeter  Parker.  Albert  H.  Shuster,  Jr., 

Junior  Academy 

Members  at  large 

Orville  W.  Wake,  President 
Fred  Helsabeck,  Dean 
Christine  K.  Wells,  Dean  of  Students 

HOST  TO  MEETING 

Lynchburg  College,  Orville  W.  Wake,  President 
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Announcements 

ROOM  RESERVATIONS 

Hoorn  reservations  should  he  made  with  Grover  W.  Everett ,  Lynch¬ 
burg  College ,  by  May  5.  Please  state  preference  for  hotel  or  motor 
court ;  single  or  double  room.  State  approximate  amount  you  would 
like  to  pay  for  these  accommodations. 

INFORMATION  CENTER 

An  Information  Center  to  assist  members  and  guests  will  be  main¬ 
tained  by  the  local  committee  on  arrangements  near  the  registration 
desk  in  the  parlors  of  Westover  Hall,  the  girls’  dormitory. 

JUNIOR  ACADEMY  OF  SCIENCE 

The  Junior  Academy  of  Science,  under  the  leadership  of  Flood  S. 
Andrews  and  B.  N.  Cooper,  of  Virginia  Polytechnic  Institute, 
Co-Chairmen  of  the  Academy  Committee,  will  hold  its  own  meeting 
at  Lynchburg  College,  Thursday,  May  10.  Members  of  the  Junior 
Academy,  those  participating  in  the  Virginia  Science  Talent  Search 
and  the  Virginia  Science  Club  Contests,  and  senior  scientists  who 
are  interested  in  the  activities  of  these  juniors  are  urged  to  register 
from  3:00  to  9:00  P.  M.,  Wednesday,  May  9,  in  the  foyer  of 
Memorial  Gymnasium.  Those  who  arrive  in  the  morning  of  May 
10  will  complete  their  registration  at  8:00  A.  M. 

VIRGINIA  SCIENCE  TALENT  SEARCH 

All  contestants  in  the  Virginia  Science  Talent  Search  are  requested 
to  report  to  P.  C.  Scherer,  Committee  Chairman,  in  Music  Studio 
A,  Memorial  Gymnasium,  at  10:30  A.  M.,  May  10. 

In  the  National  Science  Talent  Search,  conducted  by  Science  Clubs 
of  America  for  the  Westinghouse  Science  Scholarships,  the  following 
Virginia  entrants  received  Honorable  Mention. 

Bayne  Samuel  Bentley,  Jefferson  H.  S.,  Roanoke 
Ada  Ann  Blackwell,  Wilson  Memorial  H.  S.,  Fishersville 
Fay  Francis  Dixon,  Wilson  Memorial  H.  S.,  Fishersville 
Marcella  Maxine  Eubank,  Wilson  Memorial  H.  S.,  Fishersville 
William  Thomas  Graham,  Wilson  Memorial  H.  S.,  Fishersville 
Richard  Kenneth  Lyon,  Washington  Lee  H.  S.,  Arlington 
Ellen  Dolores  Valentine,  George  P.  Phenix  H.  S.,  Hampton. 
Members  of  the  Junior  Academy  of  Science,  including  the  Science 
Talent  Search,  Science  Club  contests,  nad  Individual  contests, 
will  meet  at  the  entrance  of  Westover  Hall  at  6:00  P.  M.,  May  10, 
for  a  Junior-Senior  Get  Together.  Senior  members  are  especially 
urged  to  attend  this  function  and  to  become  acquainted  with  the 
Junior  members  who  have  requested  the  opportunity  to  meet  the 
Senior  scientists.  At  6:30  P.  M.,  those  participating  in  the  Virginia 
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Science  Talent  Search,  Science  Club  Contest,  and  Exhibit  Contest 
will  be  honor  guests  of  Lynchburg  College  at  the  Junior  Dinner. 
Certain  senior  members  and  outstanding  scientists  will  also  be 
present.  Chairmen  of  the  various  senior  sections  have  been  requested 
to  invite  outstanding  scientists  in  their  respective  fields  to  attend 
this  function.  The  Senior  members  and  other  Juniors  will  pay  $1.50 
per  plate  for  the  banquet,  and  should  make  their  reservations  as 
soon  as  possible,  at  least  before  4:00  P.  M.,  May  10. 

MEETINGS  OF  SENIOR  MEMBERS  ON  THURSDAY,  MAY  10 

1.  The  President’s  Advisory  Committee;  3:00  P.  M.,  Room  16. 
Main  Building. 

2.  The  Council;  4:00  P.  M.,  Room  16,  Main  Building. 

3.  The  Academy  Conference  and  General  Meeting;  8:00  P.  M., 
College  Auditorium,  Main  Building. 

4.  The  Editors;  5:00  P.  M.,  Room  15,  Main  Building. 

LUNCHEON  ON  FRIDAY,  MAY  11 

A  luncheon  for  members  of  collegiate  chapters  and  other  collegiate 
members  will  be  held  at  12:30  P.  M.,  College  Dining  Hall,  Westover 
Hall.  Tickets  must  be  purchased  before  10:00  A.  M. 

THE  RECEPTION 

President  Wake  of  Lynchburg  College  and  officers  of  the  Academy 
will  be  hosts  at  a  reception  for  all  Junior  and  Senior  members  in 
the  parlors  of  Westover  Hall,  from  4:00  to  6:00  P.  M.,  Friday, 
May  11. 

THE  ACADEMY  DINNER 

Tickets  for  the  Academy  Dinner  must  be  purchased  before  noon 
on  Friday.  The  price  of  the  tickets  will  be  $2.50.  Dinner  will  be 
served  at  7:00  P.  M.  Dress  will  be  informal. 

EXHIBITS 

The  Academy  will  continue  the  sponsoring  of  commercial  and 
educational  exhibits. 

RESEARCH  COMMITTEE 

H.  Rupert  Hanmer,  Chairman  of  the  Academy  Research  Committee, 
has  called  a  luncheon  meeting  of  the  committee  for  12:30  P.  M. 
on  Friday,  May  11,  in  the  Faculty  Lounge  in  Westover  Hall. 

MEMBERSHIP 

Foley  F.  Smith,  Chairman  of  the  Academy  Membership  Committee, 
urges  each  member  to  invite  teachers  of  science,  those  in  scientific 
pursuits  in  industry,  and  laymen  of  broad  interests  in  science  to 
become  members  of  the  Academy.  The  dues  are  nominal  and  college 
students  are  eligible  to  membership  at  reduced  rates.  Mr.  Smith 
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will  be  available  during  the  meeting  at  a  desk  near  registration  head¬ 
quarters.  Please  aid  the  secretary-treasurer’s  office  by  paying  your 
Academy  dues  for  1951-52  ($3.00)  to  Mr.  Smith  during  the  meeting. 

FIELD  TRIPS  AND  LAST-MINUTE  CHANGES 

Special  announcements  concerning  field  trips  on  Saturday  afternoon, 
tours,  and  last-minute  changes  will  be  posted  on  bulletin  boards 
near  the  Information  Center  in  Westover  Hall,  and  the  Main 
Building  where  most  section  meetings  will  be  held. 
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General  Program  of  The 
Twenty-Ninth  Annual  Meeting 

1951 

WEDNESDAY,  MAY  9,  LYNCHBURG  COLLEGE 
LYNCHBURG,  VIRGINIA 

3  :00  P.  M. — Registration  at  the  College  for  Junior  Academy  members, 
participants  in  the  Science  Talent  Search,  Senior  Scien¬ 
tists  and  Guests,  Foyer,  Memorial  Gymnasium. 

THURSDAY,  MAY  10,  LYNCHBURG  COLLEGE 

8  :00  A.  M.  to  9  :00  A.  M. — Setting  up  Exhibits,  Memorial  Gymnasium. 

8:00  A.  M.  to  9:00  P.  M. — Registration  for  Junior  and  Senior  Scientists 
and  Guests,  Westover  Hall. 

10:30  A.  M. — Participants  in  the  Science  Talent  Search  meet  with  P.  C. 
Scherer  in  Music  Studio  A,  Memorial  Gymnasium. 

10:30  A.  M. — Participants  *  in  Science  Exhibit  Contest  meet  with 
F.S.  Andrews  and  B.  N.  Cooper,  Music  Studio  B,  Me¬ 
morial  Gymnasium. 

11  :00  A.  M.  to  3:00  P.  M. — Judging  of  those  entering  the  Science  Talent 
Search,  Music  Studio  A,  Memorial  Gymnasium  and  Rooms 
1  and  2,  Memorial  Gymnasium. 

12:30  P.  M. — Radio  Program. 

1 :00  P.  M.  to  2:30  P.  M. — Judging  of  Science  Exhibit  Contests,  Me¬ 
morial  Gymnasium. 

3:00P.  M. — Meeting  of  Junior  Committee,  Room  13,  Main  Building. 

3:00  P.  M. — Meeting  of  the  President's  Advisory  Committee,  Room  16, 
Main  Building. 

3:30  P.M. — Annual  Business  Meeting  of  the  Junior  Academy  of 
Science,  Auditorium,  Main  Building. 

Invited  Lecturer:  Dr.  Harold  H.  Garretson,  Professor  of 
Chemistry,  Lynchburg  College. 

4:00  P.  M. — Meeting  of  the  Council  of  the  Senior  Academy,  Room  16, 
Main  Building. 

5:00  P.  M. — Meeting  of  the  Editors  of  the  Virginia  Journal  of  Science, 
Room  15,  Main  Building. 

6:00  P.M. — Junior-Senior  Get  Together,  Westover  Hall. 

6:30  P.M. — Junior  Academy  Dinner.  College  Dining  Hall,  Westover 
Hall. 
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Presiding — Billy  Graham,  President  of  the  Junior 
Academy 

Greetings — Guy  W.  Horsley,  President 
Welcome  Address — Billy  Graham 

Presentation  of  Junior  Academy  Awards — Dr.  B.  N. 
Cooper 

Presentation  of  Virginia  Science  Talent  Search  Awards 
— P.  C.  Scherer 

Address — Dr.  Ladley  Husted,  Head,  Miller  School  of 
Biology,  University  of  Virginia 
8:00P.  M. — Junior  Social  Hour,  Parlors,  Westover  Hall 
8:00  P.  M. — Academy  Conference  and  General  Meeting,  College  Audi¬ 
torium,  Main  Building 
Report  of  Officers 
Report  of  Committees 

Long  Range  Planning — Marcellus  H.  Stow,  Chairman 
Research  Committee — H.  Rupert  Hanmer,  Chairman 
Finance  and  Endowment — Robert  F.  Smart,  Chairman 
Junior  Academy  of  Science — F.  S.  Andrews,  Co- 
Chairman 

Speakers  Bureau — Frank  C.  Vilbrandt,  Chairman 
Virginia  Science  Talent  Search — P.  C.  Scherer, 
Chairman 

Activities  for  Collegiate  Members — Joe  W.  Guthridge, 
Chairman 

Exchange  of  Foreign  Students — Edgar  J.  Fisher. 
Chairman 

Membership — Foley  F.  Smith,  Chairman 
James  River  Project — Marcellus  H.  Stow , Chairman 
Resource-Use  Education — Alfred  L.  Wingo,  Chairman 
Virginia  Flora — A.  B.  Massey,  Chairman 
Virginia  Fauna — J.  D.  Andrews,  Chairman 
Virginia  Journal  of  Science — Horton  H.  Hobbs,  Jr., 
Technical  Editor 

Financial  Report  of  Virginia  Journal  of  Science 
— Boyd  Harshbarger,  Editor-in-Chief 
Science  Museum — George  W.  Jeffers,  Chairman 
Place  of  Meeting  for  1952 — William  G.  Guy,  Chair¬ 
man. 

Local  Arrangements — Ruskin  S.  Freer,  Co-Chairman 
Institute  for  Scientific  Research — Allan  T.  Gwath- 
mey.  Director 
New  Business 
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FRIDAY,  MAY  11,  LYNCHBURG  COLLEGE 

8:00  A.  M. — Registration  in  Westover  Hall. 

9:00  A.  M.—  -Section  Meetings — 

Agricultural  Sciences,  Library 

Astronomy.  Mathematics  and  Physics,  Room  1,  Main 
Building 

Bacteriology,  Small  Biology  Laboratory,  Biology 
Building 

Biology,  Biology  Lecture  Room,  Biology  Building 
Chemistry,  Auditorium,  Main  Building 
Education,  Room  14,  Main  Building 
Engineering,  Room  12,  Alain  Building 
Geology.  Room  25,  Alain  Building 
Aledical  Science,  Large  Biology  Laboratory,  Biology 
Building 

Psychology,  Room  16,  Alain  Building 
Science  Teachers,  Room  13,  Alain  Building 
Statistics,  Room  22,  Alain  Building. 

12:30  P.M. — Luncheon  for  members  of  collegiate  chapters  and  other 
collegiate  members.  College  Dining  Hall,  Westover  Hall. 
12:30  P.  M. — Group  Luncheons. 

1  :00  P.  M. — Industrial  Tour  for  Junior  Academy  Alembers. 

2  :00  to  4 :00  P.  M. — Section  Aleetings. 

4:00  P.M. — Section  meetings  adjourned.  Junior  and  Senior  members 
of  the  Academy  to  be  guests  at  a  reception  in  Westover 
Hall. 

7:00  P.M. — Academy  Dinner,  Alemorial  Gymnasium.  Tickets  must 
be  obtained  at  the  registration  desk  by  Friday  noon.  Dress, 
informal. 

Presiding — Guy  W.  Horsley,  President. 

Welcome — Orville  W.  Wake,  President,  Lynchburg 
College. 

Presentation  of  J.  Shelton  Horsley  Research  Award. 
Report  of  Nominating  Committee. 

Report  of  Committee  on  Resolutions. 

Report  of  Place  of  Meeting  Committee. 

Installation  of  Officers  for  1951-1952. 

8:30  P.M. — Address — Colonel  William  S.  Stone,  Medical  Corps, 
Commandant,  Army  Aledical  Service  Graduate  School, 
Washington,  D.  C. 

“Army  Medical  Research  in  National  Defense.” 
SATURDAY,  A1AY  12,  LYNCHBURG  COLLEGE 
9 :00  A.  AL — Section  Meetings. 
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10:00  A.  M. — Academy  Council  Meeting,  Faculty  Lounge,  Westover  Hall. 
2:00P.  M. — Field  Trips  (see  bulletin  boards  for  further  information). 


1. 


2. 

3. 

4. 

5. 

6. 


7. 


8. 

9. 


10. 


Section  of  Agricultural  Sciences 

S.  F.  Thornton,  Chairman 
E.  Mapp  Dunton,  Jr.,  Vice-Chairman 
R.  C.  Carter,  Secretary 

FRIDAY,  MAY  11,  1951  —  9:00  A.  M.  —  LIBRARY 
9:00  An  Attempt  to  Control  Growth  in  a  Willow  Oak  ( Quercus 
phellos )  Fledge  with  Maleic  Hvdrazide. 

W.  S.  Flory,  Jr.;  The  Blandy  Experimental  Farm,  Uni¬ 
versity  of  Virginia. 

9 :05  Improving  the  Storage  Life  of  the  Horse-radish. 

Lyle  L.  Davis;  Virginia  Agricultural  Experiment  Station. 
9:20  Pine  Mouse  Control  by  Ground  Sprays. 

Frank  Horsfall,  Jr.;  Virginia  Agricultural  Experiment 
Station. 

9:35  Some  Aspects  of  Insect  Control. 

R.  N.  Hofmaster;  Virginia  Truck  Experiment  Station, 
Norfolk. 

9:55  Sprays  for  Control  of  the  Oriental  Fruit  Moth. 

M.  L.  Bobb;  Virginia  Agricultural  Experiment  Station, 
Charlottesville . 

10:10  The  Influence  of  Biological  Factors  on  Corn  Earworm  Con¬ 
trol. 

D.  E.  Greenwood,  Virginia  Truck  Experiment  Station, 
Norfolk. 

10:25  Preliminary  Trials  of  Methods  of  Planting  and  Fertilizing- 
Corn  Growing  with  Ladino  Clover. 

Russell  K.  Stivers;  Virginia  Agricultural  Experiment 
Station. 

10:45  Nitrogen — Soil  Moisture  Relationship  in  a  Grape  Vineyard. 

Wesley  P.  Judkins;  Virginia  Polytechnic  Institute. 

11:05  The  Influence  of  Certain  Fertilizing  Materials,  Particularly 
Nitrogen  Carriers,  on  the  Soil  Reaction  in  the  Potato  Row 
During  the  Growing  Season. 

E.  M.  Dunton,  Jr.;  Virginia  Truck  Experiment  Station, 
Norfolk. 

11 :20  Management  of  Grass  Leys  to  Lengthen  the  Grazing. Season 
and  Improve  the  Herbage  Quality. 

R.  E.  Blaser,  Willis  Skrdla  and  T.  Taylor;  Virginia 
Agricultural  Experiment  Station,  Blacksburg  and  Middle- 
burg. 
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11.  11:40 


12.  2:00 

13.  2:30 


14.  2:50 


15.  3:10 

16.  3:30 


17.  3:45 


18.  4:00 


19.  4:15 


20.  4:30 


21.  4:45 


4:55 


The  Effect  of  Continuous  Pasture  on  the  Distribution  of 
Organic  Matter  in  the  Profile  of  the  Native  Forest  Soil. 

F.  N.  Goforth^  H.  F.  Huckle;  and  S.  S.  Obenshain; 
Virginia  Agricultural  Experiment  Station. 

FRIDAY;  MAY  11,  1951  —  2:00  P.  M. 

The  Activities  of  the  Virginia  Department  of  Agriculture. 
Parke  C.  Brinkley;  Commissioner;  Virginia  Department 
of  Agriculture,  Richmond. 

Plant  Quarantines  for  the  Control  of  Insects  and  Plant 

Diseases. 

G.  T.  French;  Virginia  Department  of  Agriculture,  Rich¬ 
mond. 

The  Necessity,  Provisions  and  Purpose  of  Hybrid  Corn 
Legislation  Passed  by  the  1950  Virginia  General  Assembly. 
James  W.  Midyette;  Jr.;  Virginia  Department  of  Agri¬ 
culture,  Richmond. 

Brucellosis  Infections  in  Domestic  Farm  Animals. 

W.  L.  Bendix;  Virginia  Department'  of  Agriculture, 
Richmond. 

Differences  in  Nutritional  Requirements  Observed  in  Inbred 
Lines  of  Poultry.  I.  Manganese. 

Clayton  E.  Holmes  and  James  H.  Bywaters;  Virginia 
Agricultural  Experiment  Station. 

Organic  Mercury  as  Fungicides. 

R.  H.  Hurt;  Virginia  Agricultural  Experiment  Station, 
Charlottesville. 

The  White  Potato  Breeding  Program  in  Eastern  Virginia 
and  the  Technique  Used  in  Developing  New  Varieties. 

M.  M.  Parker;  Virginia  Truck  Experiment  Station, 
Norfolk. 

The  Effect  of  Environment  on  Some  Genetic  Characters  in 
Horticultural  Crops. 

W.  S.  Flory;  Jr.;  The  Blandy  Experimental  Farm,  Uni¬ 
versity  of  Virginia. 

The  Influence  of  Moisture  Content  of  Corn  on  the  Dosage 
Requirements  of  Three  Recommended  Farm  Grain  Fumi¬ 
gants. 

J.  O.  Rowell;  Virginia  Agricultural  Extension  Service, 
Blacksburg. 

Relation  of  Root  Growth  to  Yield  of  Bush  Lima  Beans 
and  Sweet  Corn. 

Flood  S.  Andrews;  Virginia  Agricultural  Experiment 
Station. 

Business  meeting. 
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Section  of  Astronomy,  Mathematics,  and  Physics 

A.  Marguerite  Risley,  Chairman 
Reuben  E.  Alley,,  Jr.,  Secretary 

FRIDAY,  MAY  11,  1951—9:30  A.  M—  ROOM  21,  MAIN  BUILDING 


1.  9:30 

2.  9:45 

3.  10:00 

4.  10:15 

5.  10:30 

6.  10:45 

7.  1 1  :00 

8.  11:15 

9.  11:30 

10.  2:00 


Bell  Design  of  Brass  Musical  Instruments. 

Clyde  E.  Miller;  Mathematics  Department,  Lynchburg 
College. 

The  Eigenvalues  of  the  Harmonic  Oscillators. 

E.  J.  McShane;  University  of  Virginia . 

A  High  Temperature,  High  Precision  Automatic  Controller. 
Lynwood  A.  Cosby  and  J.  F.  Ryman;  Physics  Depart¬ 
ment,  Virginia  Military  Institute  and  Virginia  Polytechnic 
Institute. 

An  Interpretation  of  Peculiar  Motions  in  Terms  of  Galactic 
Structure. 

A.  N.  Vyssotsky;  Leander  McCormick  Observatory , 
University  of  Virginia . 

The  Astrometric  Orbit  of  the  Spectroscopic  Binary  Chi 
Draconis. 

Walter  E.  Mitchell;  Leander  McCormick  Observatory, 
University  of  Virginia  (Introduced  by  Harold  L.  Alden). 
On  Orthogonal  Transformation  of  Velocity  and  Acceleration. 
H.  Y.  Loh;  Physics  Department,  Virginia  Polytechnic 
Institute. 

The  Circumradius  of  a  Spherical  Triangle. 

B.  Z.  Linfield,  University  of  Virginia. 

Temperature  Effects  on  Minimum  Spark  Ignition  Energy. 

C.  A.  Gregory,  Jr.  and  I.  R.  King;  Experiment  Incor¬ 
porated. 

An  Electrical  Analogy  Method  for  the  Solution  of  Differen¬ 
tial  Equations. 

Reuben  E.  Alley,  Jr.;  Physics  Department,  University 
of  Richmond. 

FRIDAY,  MAY  11,  1951—2:00  P.  M. 

Photoelectric  Photometry  at  the  Leander  McCormick  Obser¬ 
vatory. 

E.  R.  Dyer,  Jr.;  Leander  McCormick  Observatory, 
University  of  Virginia. 
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11.  2:15 

12.  2:30 

13.  2:45 

14.  3:00 

15.  3:15 

16.  3:30 


3:45 


Instrumentation  for  Photoelectric  Photometry. 

Donald  F.  Nieman,  Charlottesville  (Introduced  by  E.  R. 
Dyer,  Jr.). 

Transmission  Line  Electro-optical  Shutter. 

H.  S.  Morton  and  J.  W.  Beams;  University  of  Virginia. 
A  New  High  Constant  Speed  Rotating  Mirror. 

J.  M.  Watkins  and  J.  W.  Beams;  University  of  Virginia . 
A  Magnetically  Suspended  Equilibrium  Ultracentrifuge. 

A.  Robeson,  J.  D.  Ross,  and  J.  W.  Beams;  University 
of  Virginia. 

Resolution  of  the  Cosmic  Ray  Components  with  Low  Pres¬ 
sure  Geiger  Counters. 

Peter  A.  Morris;  University  of  Virginia . 

The  Azimuthal  Distribution  of  Photo-electrons  Produced  by 
Polarized  Photons. 

Frank  L.  Hereford;  University  of  Virginia . 

Business  Session  of  Section. 


17.  4:00  Discussion  Concerning  the  Advisability  of  Organizing  a 
Virginia  Section  of  the  American  Association  of  Physics 
Teachers. 

Led  by  Frederick  L.  Brown,  Rouss  Physical  Laboratory, 
University  of  Virginia . 

2:30  Business  Session  of  Section. 


Section  of  Bacteriology 

J.  Douglas  Reid,  Chairman 
William  A.  Dorsey,  Vice-Chairman 
W.  French  Skinner,  Secretary 

FRIDAY,  MAY  11,  1951—9:30  A.  M.  SMALL  BIOLOGY  LABORA¬ 
TORY,  BIOLOGY  BUILDING 

1.  9:30  Activities  of  Soil  Microorganisms  as  They  Influence  Avail¬ 

ability  of  Plant  Food  in  Soil  Subjected  to  Stubble  Mulch 
Tillage  Practices. 

S.  J.  R.  Gamble  and  Fred  S.  Orcutt ;  Virginia  Poly¬ 
technic  Institute. 

2.  9:55  The  Production  of  Enterotoxin  by  Staphylococci  Recovered 

from  the  Bovine  Mammary  Gland. 

W.  B.  Bell  and  M.  O.  Veliz ;  Virginia  Agricultural  Ex¬ 
periment  Station,  Virginia  Polytechnic  Institute. 
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3.  10:20 

4.  10:45 

5.  11:10 


6.  11:30 


Incidence  of  Canine  Leptospirosis  in  Detroit,  Michigan. 

L.  Lee  Kupferberg;  School  of  Medicine,  University  of 
Virginia. 

Extract  Medium  Cultivation  Studies  on  E.  histolytica 
E.  Clifford  Nelson;  Medical  College  of  Virginia. 
Proteolytic  Activity  of  Crude  Extracts  of  Lactobacillus 

casei. 

Leon  Gonslierry  and  P.  Arne  Hansen;  University  of 
Maryland. 

A  Comparative  Study  of  the  in  vitro  Activity  of  Certain 
Antibiotics  against  E.  coli,  A.  aerogenes,  P.  aeruginosa ,  and 
Proteus  sp. 

J.  Douglas  Reid,  Muriel  M.  Jones  and  Evelyn  C.  Bryce; 
Medical  College  of  Virginia. 


FRIDAY,  MAY  11,  1951 — 2:00  P.  M. 


2:00 
7.  2:20 


8.  2:40 


9.  3:00 


10.  3:20 


Business  Meeting 

Yeast  Extract  as  an  Important  Aid  in  Culturing  Bacteria 
on  Common  Media  as  Evidenced  by  Respiration  Rate  and 
Extent  of  Growth. 

Fred  S.  Orcutt,  Kendall  W.  King,  and  W.  R.  Stafford; 
Virginia  Polytechnic  Institute. 

Role  of  Adenosine  -  5  -  phosphate  in  the  Metabolism  of 
Cysteine  by  Proteus  vulgaris  and  Escherichia  coli. 

L.  Lee  Kupferberg;  School  of  Medicine,  University  of 
Virginia. 

Microbiological  Synthesis  of  Riboflavin  to  Enrich  Swine 
Viscera  Used  for  Poultry  and  Livestock  Feed. 

V.  Frank  Boyd,  Jr.,  Fred  W.  Tylec  and  Fred  S.  Orcutt; 
Virginia  Polytechnic  Institute. 

Oxygen  Uptake  of  Mycobacteria. 

Medhat  A.  Hussein,  P.  Arne  Hansen  and  Norman  C. 
Laffer;  University  of  Maryland. 


Section  of  Biology 

Horton  H.  Hobbs,  Jr.,  Chairman 
Roscoe  D.  Hughes,  Vice-Chairman 
A.  M.  S  ho  Walter,  Secretary 

FRIDAY,  MAY  11,  1951—9:00  A.  M.— BIOLOGY  ROOM, 
BIOLOGY  BUILDING 

1.  9:00  Abnormal  Tooth  Development  in  the  Groundhog,  Marmota 

monax  monax. 
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2.  9:10 

3.  9:12 

4.  9:30 


5.  9:42 

6.  9:55 

7.  10:12 


8.  10:25 


9.  10:30 

10.  10:50 


11.  11:10 


12.  11:22 


13.  11:35 


Warwick  R.  West.  Jr.;  Miller  School  of  Biology ,  Uni¬ 
versity  of  Virginia. 

Sport  Fisheries  Management  of  Clavtor  Lake. 

Dean  A.  Roseberg;  Commission  of  Game  and  Inland 
Fisheries,  Richmond. 

A  Morphological  Study  of  Neoechinorhynchus  cylindratus. 
Harry  L.  Roll  aw  ay,  Jr.;  University  of  Richmond. 

Studies  on  the  Postembryonie  Development  of  the  Head 
and  Gnathothoracic  Appendages  of  the  Crayfish,  Cambarus 
longulus  longulus  Girard.  (Decapoda,  Astacidae). 

Paul  J.  Osborne;  Miller  School  of  Biology,  University 
of  Virginia. 

Studies  on  Crayfish  Ovarian  Extracts. 

Cornelia  Anne  Tuten;  Miller  School  of  Biology,  Univer¬ 
sity  of  Virginia. 

Hemidactylium  scutatum  (Schlegel) :  Nesting  in  Virginia. 

John  Thornton  Wood;  College  of  William  and  Mary. 

A  Preliminary  Report  on  the  Size,  Egg  Number,  Incu¬ 
bation  Period,  and  Hatching  in  the  Common  Snapping 
Turtle,  Chelydra  serpentina. 

Ray  P.  Ash;  College  of  William  and  Mary. 

A  Comparative  Study  of  the  Morphology  of  two  Variants 
of  Prorhynchus  stagnalis. 

Walter  L.  Richards,  J  r. ;  Miller  School  of  Biology,  Uni¬ 
versity  of  Virginia, 

The  Aquatic  and  Semi-Aquatic  Hemiptera  of  Virginia. 
Marvin  L.  Bobb;  Virginia  Agricultural  Experiment 
Station,  Research  Laboratory,  Charlottesville. 
Cecidogenic  Material  in  Ilormaphis  hamamelidis. 

Ivey  F.  Lewis  and  Lucile  Walton;  University  of  Virginia 
and  Washington  High  School,  Danville. 

A  Study  of  the  Monogenetic  Trematodes  from  the  Gills  of 
Westhampton  Lake  Fishes,  with  Additional  Notes  on  Other 
Organisms  Taken  from  the  Gills. 

William  J.  Hargis,  Jr.;  University  of  Richmond. 

The  Effects  of  Inanition  on  the  Fresh-Water  Nemertean 
Worm,  Prostoma  rubrum. 

Solomon  Kadis;  Miller  School  of  Biology,  University  of 
Virginia. 

The  Report  of  a  Microscopic  Observation  Regarding  a  Spe¬ 
cific  Effect  of  Certain  Pathogenic  Bacteria  on  the 
Erythrocytes  of  Man. 

Grace  J.  Blank;  College  of  William  and  Mary. 
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11:45 

14.  2:00 

15.  2:18 

16.  2:35 

17.  2:50 

18.  3:00 

19.  3:12 

20.  3:25 

21.  3:40 

22.  3:50 


Business  Session:  Election  of  Officers  of  the  Section  of 
Biology. 

FRIDAY,  MAY  11,  1951—2:00  P.  M. 

Antibiotic  Assay  of  Some  Prairie  Flowering  Plants. 

Lowell  V.  Heisey;  Bridgewater  College . 

Evidence  of  Ionization  Currents  in  Flabellula  mira  as  a 
Result  of  Motion  within  a  Magnetic  Field  of  2300  Gauss. 
Zoe  Wells  Carroll  Black;  Mary  Washington  College  of 
the  University  of  Virginia. 

Chromosomes  of  Certain  West  African  Plants. 

J.  T.  Baldwin,  Jr.  and  Bernice  M.  Speese;  College  of 
William  and  Mary . 

Chromosome  Numbers  of  Three  Species  of  Amaryllis. 
Thelma  L.  Ficker;  Blandy  Experimental  Farm ,  Univer¬ 
sity  of  Virginia. 

Locus  of  Natural  Selection  in  an  Experimental  Population. 

Max  Levitan;  Virginia  Polytechnic  Institute. 

A  Natural  Hybrid  between  Celosia  argentia  and  C.  argenlia 
var.  Cristata. 

William  F.  Grant; Blandy  Experimental  Farm,  Univer¬ 
sity  of  Virginia. 

Growth  Responses  of  Datura  stramonium  Embryos  to  Cer¬ 
tain  Nucleic  Acid  Components. 

Jacques  Rappaport;  Miller  School  of  Biology  and  Blandy 
Experimental  Farm,  University  of  Virginia. 

The  Prothallus  of  Asplenium  montanum. 

Muriel  Hegwood;  Miller  School  of  Biology,  University 
of  Virginia. 

The  Alternation  of  Generations. 

A.  M.  Showalter;  Madison  College. 


SATURDAY,  MAY  12,  1951— REGULAR  SESSION  9:30  A.  M. 

8 :30  Flowering  Plants  of  the  Alleghanies,  a  movie  in  color. 

A.  B.  Massey,  Chairman,  Flora  Committee. 

23.  9 :30  The  Distribution  of  Xerophyllum  asphodeloides  in  the 

Massanutten  Mountains. 

Lena  Artz;  Waterlich,  Virginia. 

24.  9:42  A  Naturally-Occurring  Triploid  Juniper. 

M.  L.  Stiff ;  Blandy  Experimental  Farm,  University  of 
Virginia. 

25.  9:55  New  or  Interesting  Bryophvtes  Collected  by  Bayard  Long- 

in  Southeastern  Virginia. 

Paul  M.  Patterson;  Hollins  College. 
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27. 


28. 


29. 


30. 

31. 

32. 


33. 


34. 


1. 


2. 
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10:00  The  Occurence  and  Ontogeny  of  Hydathodes  in  the  Leaves 
of  Hygrophila  polysperma. 

W.  M.  Reams,  Jr.;  University  of  Richmond. 

10:20  The  Floral  Morphology  of  Cenchrus,  Pennisetum ,  Setaria 
and  Ixaphorus. 

Ernest  R.  Soli  ns ;  College  of  William  and  Mary. 

10:35  Influence  of  2,  4-dichlorophenoxyacetic  acid  on  Germination 
of  Seeds,  their  Subsequent  Growth  Pattern,  and  their 
Chemical  Composition. 

William  Robert  Jenkins;  Miller  School  of  Biology,  Uni¬ 
versity  of  Virginia. 

10:48  Orcein,  Orange  G,  and  Picric  Acid  Staining  as  Applied  in 
Skin  and  Fiber  Studies. 

Lubow  A  Margolena  and  Ethel  H.  Dolnick;  Animal 
Fiber  Laboratory,  Bureau  of  Animal  Industry  U.S.D.A. 
11:00  A  New  Method  for  Tagging  the  Immature  Edible  Blue 
Crab,  Callinectes  sapidus  Rathbun. 

Willard  A.  VanEngel;  Virginia  Fisheries  Laboratory. 

1 1  :08  Expanding  Seed-Oyster  Production  in  Virginia 

Jay  D.  Andrews;  Virginia  Fisheries  Laboratory. 

11:25  Range  and  Habitat  of  the  Clam,  Polymesoda  caroliniana 
in  Virginia. 

Jay  D.  Andrews;  Virginia  Fisheries  Laboratory. 

11:45  Gray’s  Manual  of  Botany,  8th  Edition  and  Its  Influence 
in  Developing  a  Virginia  Flora. 

A.  B.  Massey;  Virginia  Polytechnic  Institute. 

12:00  Some  Problems  and  Difficulties  in  the  Study  of  the 
Myxophyceae. 

Elton  C.  Cocke,  Wake  Forest  College,  N.  C. 

Section  of  Chemistry 

J.  Robert  Taylor,  Chairman 
W.  Schuyler  Miller,  Secretary 

FRIDAY,  MAY  11,  1951—9:30  A.  M.— AUDITORIUM, 
MAIN  BUILDING 

9:30  Some  Causes  of  Color  of  Complex  Ions  in  Aqueous  Solutions. 

James  W.  Cole,  Jr.  and  Lewis  G.  Cochran;  University 
of  Virginia. 

9:45  Spectrochemical  Analysis  for  Trace  Elements  in  Blood. 

Ralph  E.  Thiers  and  John  H.  Yoe;  Pratt  Trace  Analysis 
Laboratory ,  School  of  Chemistry,  University  of  Virginia. 
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3.  10:00 

4.  10:15 

5.  10:30 

6.  10:40 

7.  10:55 

8.  11:00 

9.  11:10 

10.  11:30 

11.  2:00 

12.  2:30 

13.  2:45 

14.  3:15 


Spectrophotometric  Studies  on  the  Reaction  of  Platinum 
with  Compounds  Containing  the  p-Nitrosophenylamino 
Group. 

J.  Hack  Kirkland  and  John  H.  Yoe ;  Pratt  Trace 
Analysis  Laboratory ,  School  of  Chemistry ,  University 
of  Virginia. 

New  Syntheses  of  Aromatic  Phosphorus  Compounds. 

Alfred  Burger  and  Norman  D.  Dawson;  University  of 
Virginia . 

Chemical  Analyses  of  Oyster,  Clam,  Mussel,  Anomia,  and 
Barnacle  Shells. 

A.  R.  Armstrong  College  of  William  and  Mary. 

The  Reaction  of  Iron  with  Several  Substituted  Salicylic 
Acids. 

Bernard  Howard  and  A.  R.  Armstrong;  College  of  Wil¬ 
liam  and  Mary . 

Progress  Report  on  Chromatographic  Adsorption  Qualitative 
Analysis  for  Metal  Ions. 

Harriet  H.  Fillinger  and  Students;  Hollins  College 
(Paper  presented  by  Lois  Ann  Trafton). 

Preparation  of  Standard  Hydrochloric  Acid  Solution  from 
Constant  Boiling  Solution. 

J.  B.  Lucas;  Virginia  Polytechnic  Institute. 

The  Determination  of  the  Rare  Earth  Elements  in  Phos¬ 
phate  Rock. 

C.  W.  Bondurant  and  J.  B.  Lucas;  Virginia  Polytechnic 
Institute. 

The  Preparation  and  Some  Reactions  of  a  New  Silicon 
Hydrocarbon. 

H.  Ritchey  and  H.  C.  Pitot;  Virginia  Military  Institute. 

FRIDAY,  MAY  11,  1951—2:00  P.  M. 

The  Reducing  Action  of  Different  Metals  in  Liquid  Am¬ 
monia. 

Robert  C.  Krug  and  George  J.  Hsieh ;  Virginia  Polytech¬ 
nic  Institute. 

Electrodeposition  of  Thin  Films  of  Titanium  from  Aqueous 
Solution. 

Francis  J.  Denise  and  Henry  Leidheiser,  Jr.;  Virginia 
Institute  for  Scientific  Research. 

The  Development  of  the  Electronic  Theory  of  Aromatic 
Cyclodehydration. 

Frank  A.  Vingiello ;  Virginia  Polytechnic  Institute. 

The  Synthesis  and  Cyclization  of  Some  2- (substituted 
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15.  3:30 

16.  3:40 

17.  3:55 

18.  4:10 

19.  9:00 

20.  9:10 

21.  9:20 

22.  9:35 

23.  9:50 

24.  10:05 

25.  10:20 

26.  10:40 

27.  11:00 


benzyl), benzophenones. 

Frank  A.  Vingiello  and  James  G.  Van  Oot;  Virginia 
Polytechnic  Institute. 

Urethans  and  Ureas  from  Cyclic  Derivatives  of  Tris  (hy¬ 
droxymethyl)  aminomethane. 

J.  Stanton  Pierce  and  J.  L.  Rush,  Jr.;  University  of 
Richmond. 

Acylation  of  Tris  (hydroxymethyl)  aminomethane  and  Cy- 
lic  Derivatives. 

J.  Stanton  Pierce,  Carl  D.  Lunsford,  and  Theodore  Katz; 
University  of  Richmond. 

A  New  Colorimetric  Reagent  for  Molybdenum. 

Fritz  Will  and  John  H.  Yoe;  Pratt  Trace  Analysis  Lab¬ 
oratory,  University  of  Virginia. 

A  New  Colorimetric  Reagent  for  Zinc. 

Richard  M.  Rush  and  John  H.  Yoe;  Pratt  Trace  Analy¬ 
sis  Laboratory,  University  of  Virginia. 

SATURDAY,  MAY  12,  1951— 9:00  A.  M. 

Effect  of  Substitution  Degree  on  Fractionation  of  Cellulose 
Nitrate. 

P.  C.  Scherer  and  Li-Hsi  Lou;  Virginia  Polytechnic  In¬ 
stitute. 

Effect  of  Substitution  Degree  on  Fractionation  of  Ethyl 
Cellulose. 

P.  C.  Scherer  and  J.  G.  Iacoviello;  Virginia  Polytechnic 
Institute. 

A  Quantitative  Measure  of  the  Oxidation  Rates  of  Various 
Faces  of  Copper  Single  Crystals. 

John  V.  Cathcart;  University  of  Virginia. 
Electrochemical  Properties  of  Copper  Single  Crystals. 

Lewis  B.  Johnson,  Jr.;  University  of  Virginia. 

Different  Degrees  of  Wettability  of  Crystallographic 
Planes  of  Copper  Single  Crystals. 

Jerome  Kruger;  University  of  Virginia. 

X-ray  Studies  of  Oxide  Films  on  Copper  Single  Crystals. 

Kenneth  R.  Lawless;  University  of  Virginia. 

Methods  of  Expressing  Surface  Energy. 

Peter  B.  Sherry;  University  of  Virginia. 

Catalytic  Decomposition  of  Carbon  Monoxide  on  Faces  of 
a  Nickel  Single  Crystal. 

J.  Bruce  Wagner;  University  of  Virginia. 

The  Effect  of  Metallic  Salts  on  the  Production  of  Acid  by 
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Saliva  Containing  Sucrose. 

J.  D.  Smith  and  J.  C.  Forbes:  Medical  College  of  Vir¬ 
ginia. 


Section  of  Education 

R.  Claude  Graham,  Chairman 
Z.  T.  Kyle,  Secretary 


FRIDAY,  MAY  11,  1951  —  9:00  A.  M.  —  ROOM  14, 
MAIN  BUILDING 


The  Accreditation  of  Virginia  Schools 

1.  9:00  Standards  for  Accrediting  the  Secondary  Schools  of  Vir¬ 

ginia. 

Thomas  T.  Hamilton;  Director  of  Secondary  Education. 

2.  10:00  Standards  of  the  Commission  on  Secondary  Schools  of  the 

Southern  Association  of  Colleges  and  Secondary  Schools. 
B.  L.  Stanley,  Chairman  of  the  Virginia  State  Committee , 
and  John  Page  Williams,  a  member  of  the  Virginia 
Committee  and  Head-master,  St.  Christopher’s  School, 
Richmond. 

3.  10:40  The  Elementary  School  Principalship. 

Davis  Y.  Paschall,  Director  of  Elementary  Education. 


FRIDAY,  MAY  11,  1951  —  2:00  P.  M. 

4.  2 :00  Report  of  Teaching  Success  of  Recent  Graduates  of  Rad¬ 

ford  College,  as  Measured  by:  (a)  Superintendents,  Princi¬ 
pals,  and  Supervisors;  and  (b)  Graduate’s  Estimate  of 
Extent  College  Courses  Contributed  to  Teaching  Success. 
Minor  Wine  Thomas;  Radford  College. 

5.  2 :30  Is  the  Lecture  Method  of  Instruction  Outmoded  in  Edu¬ 

cation. 

A.  W.  Hurd;  Medical  College  of  Virginia. 

6.  3:00  Relationships  Among  Certain  Educational  Variables  in 

Some  County  Elementary  Schools. 

Alonzo  M.  Myster  and  Esther  V.  Short;  Virginia  State 
College. 

7.  3 :30  The  Language  Development  of  Bilingual,  Identical  Twins, 

in  English  afld  Chinese,  with  Educational  Implications 
for  Language  Teaching. 

E.  Hart  Westbrook;  Richmond. 
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Section  of  Engineering 

R.  E.  L.  Gildea,  Chairman 


B.  A.  Niemeier,  Secretary 

FRIDAY,  MAY  11,  1951—9:00  A.  M.— ROOM  12,  MAIN  BUILDING 


1.  9:00 

2.  9:15 


3.  9:35 


4.  10:00 


5.  10:20 


6.  10:45 


7.  11:15 


8.  11:35 


Rigid  Space  Frame  Analysis. 

D.  H.  Pletta  and  R.  J.  Tedaldi ;  Virginia  Polytechnic 
Institute . 

Analysis  of  Fink  Trussed  Bents  by  Moment  and  Thrust 
Distribution. 

D.  H.  Pletta  and  V.  J.  Vitagliano;  Virginia  Polytechnic 
Institute. 

Experimental  and  Theoretical  Aspects  of  Skewed  Rigid 
Frame  Bridges. 

D.  H.  Pletta,  V.  G.  Szebehely,  and  M.  A.  Garcia;  Vir¬ 
ginia  Polytechnic  Institute. 

Approximate  Matrix  Analysis  of  Two-Dimensional  Struc¬ 
tural  Frames. 

W.  P.  Murden,  Jr.;  Virginia  Polytechnic  Institute. 

The  Improved  Hydraulic  Analogy. 

V.  G.  Szebehely  and  L.  F.  Whicker;  Virginia  Polytech¬ 
nic  Institute. 

The  Use  of  Stereographic  Photography  to  Determine  the 
Roughness  Factor  Coefficient  in  Fluid  Flow  Measurements 
(with  Three-Dimensional  Color  Slides). 

R.  H.  Tice;  U.  S.  Geological  Survey. 

Investigation  of  the  Motion  of  a  Sphere  in  a  Semi-Infinite 
Ideal  Fluid  by  Means  of  the  Phase  Plane. 

S.  M.  Gay,  E.  Q.  Smith,  and  V.  G.  Szebehely;  Virginia 
Polytechnic  Institute. 

Influence  of  the  Second  Coefficient  of  Viscosity. 

V.  G.  Szebehely;  Virginia  Polytechnic  Institute. 


FRIDAY,  MAY  11,  1951—1:30  P.  M. 


9.  1 :30  New  Analogy  for  Investigating  Compressible  Flow  Phe¬ 

nomena. 

V.  G.  Szebehely  and  O.  G.  Barnes,  Jr.;  Virginia  Poly¬ 
technic  Institute. 

10.  1:45  Alkali  Reaction  of  Concrete  Structures  in  Virginia. 

P.  L.  Melville;  Virginia  Council  of  Highway  Investiga¬ 
tion  and  Research.  « 

11.  2:10  The  Measurement  of  Moisture  Content  in  Concrete. 

R.  W.  Czaban;  University  of  Virginia. 
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12.  2:30 

13.  2  -:45 


14.  3:00 


15.  3:15 


16.  9:00 

17.  9:20 


18.  9:35 

19.  9:50 


20.  10:05 


21.  10:25 

22.  10:40 

23.  11:05 


The  Installation  of  a  Meteorological  Research  Station  at  the 
University  of  Virginia. 

R.  E.  L.  Gildea ;  University  of  Virginia . 

A  Rational  Approach  to  Waste  Treatment  Rased  on  Studies 
of  Biological  Processes. 

P.  H.  McGauhey  and  E.  E.  Thompson;  Virginia  Poly¬ 
technic  Institute . 

The  Application  of  the  Dropping  Mercury  Electrode  to  the 
Study  of  Respiration  Rates  of  Micro-organisms  Associated 
with  Waste  Treatment. 

P.  H.  McGauhey  and  L.  G.  Rich;  Virginia  Polytechnic 
Institute. 

The  Manometric  B.O.D.  of  Industrial  Waste  Utilizing  High 
Concentrations  of  Micro-organisms. 

S.  E.  Ketner  and  P.  H.  Watkins;  Virginia  Polytechnic 
Institute . 

SATURDAY,  MAY  12,  1951 — 9:00  A.  M. 

Ultrasonic  Coagulation  of  Phosphate  Tailing — Part  II. 

Dudley  Thompson;  Virginia  Polytechnic  Institute . 
Development  Studies  on  the  Production  of  Sodium  Trichlo¬ 
roacetic  Acid  Herbicide. 

F.  C.  Vilbrandt  and  W.  V.  Brown;  Virginia  Polytechnic 
Institute. 

Elimination  of  Insect  Contamination  from  Bread  Corn. 

N.  F.  Murphy  and  C.  L.  Kingrea ;  Virginia  Polytechnic 
Institute. 

The  Determination  of  the  Bed-Wall  Coefficient  of  Heat 
Transfer  in  an  Externally  Heated  Fluidixed  Bed. 

H.  R.  Sanders,  R.  Peterson,  and  F.  W.  Bull;  Virginia 
Polytechnic  Institute . 

Heat  Transfer  from  Vertical  Finned  Tubes  to  Boiling  Or¬ 
ganic  Liquids. 

O.  E.  Tarbell,  Jr.,  and  R.  M.  Hubbard,  University  of 
Virginia . 

Thermal  Vs  Catalytic  Cracking  in  Standard  Test  Unit. 

E.  Ruehl  and  F.  W.  Bull;  Virginia  Polytechnic  Institute. 
Pyrolysis  of  Fluidized  Oil  Shale. 

J.  M.  Carr  and  F.  W.  Bull;  Virginia  Polytechnic  Insti¬ 
tute . 

Catalyst’s  Evaluations  for  Hydrogenation  of  Midlothian 
Coal. 

R.  G.  Harmon,  L.  D.  Jordan,  and  F.  W.  Bull;  Virginia 
Polytechnic  Institute. 
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24. 


25. 


1. 


2. 

3. 


4. 


6. 

7. 

8. 
9. 


11:30  Solubilities  in  the  System  Sodium  Sulfate-Isopropanol- 
Water. 

W.  B.  Blakey,  L.  R.  Powers,,  and  O.  L.  Updike;  Univer¬ 
sity  of  Virginia. 

11:50  A  New  Chemical  Coating  for  Aluminum. 

R.  L.  Scott  and  N.  F.  Murphy;  Virginia  Polytechnic 
Institute. 

Section  of  Geology 

Allen  Sinnott,  Chairman 
William  H.  Brown,  Vice-Chairman 
William  T.  Parrott,  Secretary 
FRIDAY,  MAY  11,  1951—9:00  A.  M—  LARGE  BIOLOGY 
LABORATORY,  BIOLOGY  BUILDING 

9 :00  Announcements,  Committee  Reports. 

9:10  Recent  Investigations  of  the  Emery  Deposits  in  Virginia. 

Arthur  A.  Pegau  and  Gerald  M.  Friedman;  Virginia  Geo¬ 
logical  Survey  and  University  of  Cincinnati  (Presented 
by  Arthur  A.  Pegau.) 

9:20  Fluorescence  and  Petrology. 

William  P.  Shulhof ;  University  of  Virginia. 

9:30  Ordovician  Bioherm  in  Roanoke  Valley,  Virginia. 

F.  D.  Etheredge,  Frank  G.  Lesure,  and  H.  S.  Page;  Vir¬ 
ginia  Polytechnic  Institute  (Presented  by  Frank  G.  Le¬ 
sure;  Introduced  by  Byron  N.  Cooper). 

9:45  Age  Relationships  of  the  Lincolnshire,  Whistle  Creek,  and 
Associated  Limestones  in  Western  Virginia. 

Byron  N.  Cooper;  Virginia  Polytechnic  Institute. 

10:00  A  Preliminary  Study  of  the  Occurrence  of  Groundwater 
in  Crystalline  Rocks  of  Albemarle  County. 

A.  C.  Walker;  Virginia  Geological  Survey. 

10:10  Evidences  of  Crystal  Megashearing  in  Virginia. 

B.  Ashton  Keith;  Director  of  the  Institute  of  Science, 
Washington ,  D.  C. 

10:25  Major  Structural  Features  in  the  Lynchburg  Quadrangle. 

William  R.  Brown;  University  of  Kentucky. 

10:45  Some  Injurious  Minerals  in  Highway  Aggregates. 

William  T.  Parrott;  Virginia  Department  of  Highways. 
10:55  A  Contribution  to  the  Geochemistry  of  the  Lead  and  Zinc 
Ores  in  the  Timberville  Area,  Virginia. 

Jack  Green;  Columbia  University. 
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10.  11:10 

11.  11:20 

12.  11:30 

13.  11:40 

14.  11:50 

12:00 

15.  2:00 

16.  2:10 

17.  2:20 

18.  2:35 

19.  2:45 

20.  3:15 

21.  3:30 

3:40 


Some  Lithologic  Variations  in  Ordovician  Limestones  in 
the  Vicinity  of  Lexington,  Virginia. 

Allan  S.  Horowitz:  Washington  and  Lee  University. 

Mineralogical  Studies  of  the  Sediments  of  Slate  River, 
Buckingham  County,  Virginia. 

Wallace  R.  Oref  and  James  A.  Parker;  Washington  and 
Lee  University  (Presentd  by  James  A.  Parker). 

Mineralogical  Studies  of  the  Sediments  of  Rivanna  River, 
Fluvanna,  and  Albemarle  County,  Virginia. 

Allan  S.  Horowitz  and  Thomas  S.  Miller;  Washington 
and  Lee  University  (Presented  by  Thomas  S.  Miller). 

Petrography  of  Some  Valley  Dykes. 

H.  Cooke;  University  of  Virginia. 

Some  Recent  Developments  in  Support  of  the  Virginia 
Geological  Survey. 

Marcellus  H.  Stow;  Washington  and  Lee  University . 
Announcements . 

FRIDAY.  MAY  11,  1951— 2:00  P.  M. 

The  Composition  of  the  Euhedral  Feldspar  Crystals  of  the 
Catoctin  Greenstone. 

James  L.  Eades;  University  of  Virginia. 

Petrogenesis  of  Some  Late  Minerals  in  the  Catoctin  Green¬ 
stone. 

C.  Hvser ;  University  of  Virginia. 

A  Study  of  Some  Virginia-West  Virginia  Coals. 

Robert  S.  Young;  University  of  Virginia. 

A  Preliminary  Restudy  of  the  Goose  Creek  Diabase. 

D.  S.  Robertson ;  University  of  Virginia. 

Some  Features  of  Alaskan  Geology — A  Travelogue. 

D.  J.  Cederstrom;  District  Geologist  for  Alaskan  Ground 
Water  Branch ,  United  States  Geological  Survey. 

The  Background  of  Uniformitarian  Geology. 

Joseph  K.  Roberts;  University  of  Virginia. 

A  Pre-Cambrian  Fault  Breccia  in  the  Catoctin  Formation 
in  Virginia. 

Wilbur  A.  Nelson  and  Robert  S.  Young;  University  of 
Virginia  (Presented  by  Wilbur  A.  Nelson). 

Business  Meeting 

Announcements,  Reports  of  Committees,  and  Election 
of  officers. 
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SATURDAY,  MAY  2  2,  1951—8:15  A.  M. 

Geological  Field  Trip. 

Details  of  trip  and  place  of  assembly  will  be  announced 
at  the  meetings  on  Friday. 

Section  of  Medical  Sciences 

Erling  S.  Hegre,  Chairman 
Dan  T.  Watts,  Secretary 

FRIDAY,  MAY  11,  1951—9:30  A.  M.— ROOM  1,  MAIN  BUILDING 

1.  The  Effect  of  Pentobarbital.  Morphine,  and  Ether  on  the  Blood 
Glucose  of  Rabbits. 

D.  T.  Watts;  Department  of  Pharmacology ,  University  of  Vir¬ 
ginia  Medical  School. 

2.  Gross  Composition  of  the  Fat-free  Mammalian  Body. 

Grover  C.  Pitts;  Department  of  Physiology ,  University  of  Vir¬ 
ginia  Medical  School. 

3.  The  Effect  of  Cortisone  on  Wound  Healing. 

John  Paul  Carter,  Edwin  P.  Lehman,  J.  F.  A.  McManus,  and 

E.  Meredith  Aldrich;  Department  of  Surgery  and  Gynecology 
and  Department  of  Pathology ,  University  of  J  irginia  Medical 
School. 

J.  Intimal  Aortic  Lipoid  Following  Cortisone  and  ACTH  Therapy  in 
Younger  Age  Groups. 

E.  M.  Etheridge  and  Cornelia  Hoeh-Ligeti;  Department  of 
Pathology ,  University  of  Virginia  Medical  School. 

5.  Effects  of  Progesterone  on  the  Basal  Body  Temperature  of  Nor¬ 
mal  Adult  Human  Males. 

Douglas  E.  Bragdon;  Department  of  Anatomy,  University  of 
Virginia  Medical  School. 

6.  A  Study  of  the  Phosphate  Turnover  in  the  Human  Erythrocyte. 

D.  R.  H.  Gourley ;  Department  of  Pharmacology,  University  of 
Virginia  Medical  School. 

7.  Sulphydryl  Group  Changes  During  Urease  Action. 

Henry  E.  Evert;  Department  of  Pharmacology,  University  of 
Virginia  Medical  School. 

8.  Preliminary  Studies  on  the  Effect  of  Hormones  on  the  Electrolyte 
Pump  in  Frog  Skin. 

Ernst  A.  Huf  and  Irving  Fritz;  Department  of  Physiology, 
Medical  College  of  Virginia. 

9.  Observations  on  the  Nicotinolytic  Activity  of  Some  Aralkyl  Amines. 

P.  S.  Larson,  C.  B.  Van  Slyke,  J.  K.  Finnegan,  and  H.  B.  Haag; 
Department  of  Pharmacology,  Medical  College  of  Virginia. 
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10.  Mounting  Brain  Specimens  in  Plastic. 

Louise  L.  Jones;  Department  of  Anatomy,  Medical  College  of 
V  irginia. 

11.  The  Trophoblast  of  a  Young  Human  Embryo. 

James  E.  Kindred;  University  of  Virginia  Medical  School. 

12.  Embryonic  Lens  Induction  in  the  Chick. 

M.  S.  McKeehan;  Department  of  Anatomy ,  University  of  Virginia 
Medical  School. 

13.  Motion  Pictures  of  Tissue  Reactions  in  Tadpoles  to  Implants  of 
Inert  and  Active  Foreign  Substances. 

Carl  C.  Speidel ;  Department  of  Anatomy,  University  of  Virginia 
Medical  School. 

FRIDAY,  MAY  11,  1951—2:00  P.  M. 

14.  Relationship  between  Blood  Alcohol  Levels  and  Acute  Respiratory 
Failure. 

Teresa  Silverman,  Sidney  Kaye,  and  Harvey  B.  Haag;  Depart¬ 
ments  of  Pharmacology  and  Legal  Medicine,  Medical  College  of 
Virginia. 

15.  Studies  on  the  Effect  of  Alcohol  on  the  Adrenal  Glands  of  Rats. 

J.  C.  Forbes  and  G.  M.  Duncan;  Department  of  Health,  State 
of  Virginia,  and  Department  of  Biochemistry,  Medical  College 
of  Virginia. 

16.  Comparison  of  Chloride  and  Thiocyanate  Space  for  Various  Or¬ 
gans,  Especially  of  Muscle  in  Normal  and  Pathological  Conditions. 

E.  Fischer,  H.  V.  Skowlund,  E.  A.  White,  M.  J.  Bratton,  and 

B.  A.  Chevalier;  Medical  College  of  Virginia . 

17.  Methods  of  Microcalorimetry. 

C.  L.  Gemmill,  C.  R.  Bauer,  M.  J.  Lover,  F.  Holler,  and  D.  Ven¬ 
able;  Department  of  Pharmacology ,  University  of  Virginia  Medi¬ 
cal  School. 

18.  The  Heat  of  the  Enzymatic  Inversion  of  Sucrose. 

Carl  R.  Bauer  and  Chalmers  L.  Gemmill;  Department  of  Phar¬ 
macology,  University  of  Virginia  Medical  School. 

19.  Oxygen  Administration  to  Patients  with  Pulmonary  Fibrosis  and 
Emphysema. 

John  L.  Guerrant ;  Department  of  Internal  Medicine,  University 
of  Virginia  Medical  School. 

20.  The  Diagnosis  of  Brain  Tumors  with  Diiodofluorescein  Using  a 
Crystal  Counter  and  a  Photoelectric  Multiplier — Physical  and 
Clinical  Implications. 

Kenneth  Crispell,  Alden  Stephenson,  and  Frank  Hereford;  De¬ 
partment  of  Internal  Medicine  and  School  of  Physics,  University 
of  Virginia. 
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ed  Suicides,  in  Certain  Chinese  Cities,  with  Comparative 
Intercultural  Factors. 

C.  Hart  Westbrook;  Richmond. 

2.  9:00  The  Effect  of  Thyroxin  on  Conditioning  and  Extinction. 

Henry  Ellis  and  Eugene  Kanter;  College  of  William  and 
Mary. 

3.  9:15  Test-versus  Item-reliability  with  Learning  Factor  Mini¬ 

mized. 
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Section  of  Teachers  of  Science 

W.  I.  Nickels,  Jr.,  Chairman 
Susie  V.  Floyd,  Chairman-Elect 
Martha  W.  Duke,  Secretary 
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R.  S.  Edmundson  and  John  D.  Tomlinson;  University  of  Virginia 
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Allan  T.  Gwathmey ;  University  of  Virginia. 
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Business  Meeting. 

3.  The  Electron  Theory  in  Balancing  Chemical  Equations. 

Mary  E.  Kapp  and  Esther  Shreve  Ruffin;  Richmond  Professional 
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Section  of  Statistics 

Charles  M.  Mottley,  Chairman 

L.  Weiss,  Vice-Chairman 

M.  E.  Terry,  Secretary 

FRIDAY,  MAY  11,  1951—9:30  A.  M.— ROOM  22,  MAIN  BUILDING 

1.  9:30  A  Dairy  Grazing  Experiment  Using  a  Latin  Square. 

N.  R.  Thompson;  North  Carolina  State  College,  Raleigh, 
and  Virginia  Polytechnic  Institute. 
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ment  of  the  Air  Force,  Washington,  D.  C. 
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W.  L.  Deemer;  United  States  Air  Force,  Washington, 
D.  C. 

Single  Link  Designs. 

J.  Youden;  Bureau  of  Standards,  Washington,  D.  C. 
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C.  Moffett;  Department  of  Agriculture ,  Richmond. 


The  Annual  Subscription  rate  is  $3.00,  and  the  cost  of  a  single 
number,  $1.00.  Reprints  are  available  only  if  ordered  when  galley  proof 
is  returned.  All  orders  except  those  involving  exchanges  should  be  ad¬ 
dressed  to  Boyd  Harshbarger,  Virginia  Polytechnic  Institute,  Blacks¬ 
burg,  Virginia.  The  University  of  Virginia  Library  has  exclusive  ex¬ 
change  arrangements,  and  communications  relative  to  exchange  should  be 
addressed  to  The  Librarian,  Alderman  Library,  University  of  Virginia, 
Charlottesville,  Virginia. 

Notice  to  Contributors 

Contributions  to  the  Journal  should  be  addressed  to  Horton  H.  Hobbs,  Jr., 
Miller  School  of  Biology,  University  of  Virginia,  Charlottesville,  Virginia.  If  any 
preliminary  notes  have  been  published  on  the  subject  which  is  submitted  to  the 
editors,  a  statement  to  that  effct  must  accompany  the  manuscript. 

Manuscripts  must  be  submitted  in  triplicate,  typewritten  in  double  spacing 
on  standard  8V2”  x  11”  paper,  with  at  least  a  one  inch  margin  on  all  sides. 
Manuscripts  are  limited  to  2700  words,  with  the  proviso  that  if  additional  pages 
are  desired,  the  author  may  obtain  them  at  cost. 

Division  of  the  manuscript  into  subheadings  must  follow  a  consistent  plan, 
and  be  held  to  a  minimum.  It  is  desirable  that  a  brief  summary  be  included 
in  all  manuscripts. 

Footnotes  should  be  included  in  the  body  of  the  manuscript  immediately 
following  the  reference,  and  set  off  by  a  dashed-line  above  and  below  the  foot¬ 
note  content.  Footnotes  should  be  numbered  consecutively  from  the  beginning 
to  the  end  of  the  manuscript. 

Bibliographies  (Literature  Cited,  References,  etc.)  should  be  arranged  alpha¬ 
betically  according  to  author.  Each  reference  should  include  the  date,  full  title 
of  the  article,  the  name  of  the  Journal,  the  volume,  number  (optional),  pages, 
tables  and  figures  (if  any).  For  example:  “Sniffen,  Ernest  W.  1940,  Cobbles  from 
the  Pleistocene  Terraces  of  the  Lower  York-James  Peninsula.  Va.  Journ.  Set., 
1  (8):  285-288,  1  fig.  1  tab.  Reference  to  the  bibliographic  citations  should  not 
be  made  by  numbers.  Instead,  using  the  above  citation,  where  a  reference  is 
desired:  either  “Sniffen,  (1940)”.  “Sniffen,  (1940:  286)”,  or  “Sniffen  (1940) 
states  that . ” 

Explanations  of  Figures,  Graphs,  etc.,  should  be  typed  on  separate  pages. 
All  figures  should  be  numbered  consecutively  beginning  with  the  first  text  figure 
and  continuing  through  the  plates.  If  figures  are  to  be  inserted  in  the  text  this 
should  be  clearly  indicated  by  writing  “Figure  — ”  at  the  appropriate  place  in 
the  margin. 

Illustrations,  including  lettering,  should  be  arranged  so  that  on  reduction 
they  will  not  exceed  the  dimensions  of  the  maximum  size  of  a  printed  page, 
4  1/2”  x  6  1  /2”,  and  so  that  they  are  well  balanced  on  the  page.  The  Journal  will 
furnish  the  author  with  one  plate  (halftone  or  line  reproduction)  or  its  equiva¬ 
lent;  additional  figures  colored  illustrations  or  lithographs  may  be  used  only  if 
the  author  makes  a  sr  'ant  covering  the  cost  of  production.  Original  drawings 
(which  must  be  done  in  black  drawing  ink),  not  photographs  of  drawings,  should 
accompany  the  manuscript.  Photographs  should  not  be  used  if  a  line  and  dot 
(stippled)  drawing  will  suffice.  If  photographic  prints  are  to  be  used  they 
should  be  glossy,  sharp  and  show  good  contrast.  Drawings  not  neatly  executed 
and  labeled  (do  not  use  a  typewriter),  or  which  are  submitted  on  yellow  or 
yellowish-white  paper  will  not  be  accepted. 

Galley  Proofs  and  engraver’s  proofs  of  figures  are  sent  to  the  author  for 
correction.  Costs  of  excessive  changes  from  the  original  manuscript  must  be 
defrayed  by  the  author. 


Officers  of  The  Virginia  Academy  of  Science 

Guy  W.  Horsley,  President 
Paul  M.  Patterson,  President-Elect 
E.  C.  L.  Miller,  Secretary -Treasurer  Emeritus 
Foley  F.  Smith,  Secretary -Treasurer 

COUNCIL 

Marcellus  H.  Stow  Ladley  Husted  Sidney  S.  Negus 

John  N.  Buck  Allan  T.  Gwathmey  Boyd  Harshbarger 

Edward  S.  Harlow  Jesse  W.  Beams  Horton  H.  Hobbs,  Jr. 

B.  W.  Jarman 


THE  VIRGINIA 
OURNAL  OF  SCIENCE 


A  JOURNAL  ISSUED  QUARTERLY  BY  THE 
VIRGINIA  ACADEMY  OF  SCIENCE 


Vol.  2,  New  Series  JULY,  1951  No.  3 


Vol.  2,  New  Sibees  July,  1951  No.  3 

THE  VIRGINIA  JOURNAL  OF  SCIENCE 
Published  Four  Times  a  Year:  In  January,  April,  July  and 
September,  by  The  Virginia  Academy  of  Science 
Printed  by  the  Commonwealth  Press,  Inc.,  Radford,  Va. 


CONTENTS 


Pages 

A  Significance  Test  for  Differences  Between  Ranked  Treatments 

In  an  Analysis  of  Variance — D.  B.  Duncan .  171 

Bottom  Fauna  and  Temperature  Conditions  in  Relation  to  Troup 
Management  in  St.  Mary’s  River,  Augusta  County,  Virginia — 


Eugene  W.  Surber  .  190 

Pseudoconics— D.  S*  Davis .  208 

Premenstrual  Tension — William  Bickers  . .  210 


Survey  of  the  Intestinal  Helminths  of  Triturus  v.  viridescens  in 

the  Vicinity  of  Charlottesville,  Virginia — Catherine  M.  Russell  215 

News  and  Notes  . . . .  220 


EDITORIAL  BOARD 
Boyd  Harshbarger,  Editor-in-Chief 
Horton  H.  Hobbs,  Jr.,  Technical  Editor 
Mary  E.  Humphreys,  Assistant  Technical  Editor 
Clinton  W.  Baber,  Advertising  Manager 

SECTION  EDITORS 

W.  P.  Judkins  Irving  G.  Foster  J.  Douglas  Reid 

Ladley  Husted  William  E.  Trout,  Jr.  Francis  G.  Lankford,  Jr. 

N.  F.  Murphy  Nelson  Cooper  William  Bickers 

Richard  H.  Henneman  B.  W.  Jarman 

Walter  A.  Hendricks 

Entered  as  second-class  matter  January  15,  1950,  at  the  post  office  at 
Blacksburg,  Virginia,  under  the  Act  of  March  3,  1879.  Subscription — 
$3.00  per  volume.  Published  at  Blacksburg,  Va. 

Mailed  September  11,  1951 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 

Vol.  2,  New  Series  July,  1951  No.  3 


A  Significance  Test  for  Differences 
Between  Ranked  Treatments 
In  an  Analysis  of  Variance" 

D.  B.  Duncan 
University  of  Sydney 

and  Virginia  Agricultural  Experiment  Station 
of  the  Virginia  Polytechnic  Institute 

PREFACE 

The  homogeneity  of  a  set  of  treatments  in  an  analysis  of  variance 
is  readily  tested  with  an  F  (or  z)  test.  The  desirable  features  of  this 
test  are  well  known  and  may  be  said  to  come  mainly  from  its  conform¬ 
ance  with  the  likelihood  ratio  criterion.  In  some  cases  however  it  falls 
short  of  practical  requirements  in  that,  when  the  homogeneity  hypothesis 
is  rejected,  it  gives  no  decisions  as  to  which  of  the  differences  among 
the  means  may  be  considered  responsible.  There  is  a  strong  need  for  a 
procedure  which  will  incorporate  the  desirable  likelihood  ratio  properties 
of  the  F  test  and  will  at  the  same  time  give  decisions  on  the  relative 
merits  of  the  treatments  considered  in  all  possible  pairs. 

Several  approaches  to  this  problem  are  considered  and  a  test  is 
presented  which  appears  to  meet  the  need  very  closely.  In  doing  this, 
mathematical  detail  has  been  avoided  as  far  as  possible.  A  parallel 
discussion  involving  the  details  of  a  multiple  choice  test  analysis  is 
given  separately  in  a  companion  paper  by  the  author  (1952). 

Tables  for  tests  at  especially  defined  5%  and  1%  levels  are  pro¬ 
vided. 

INTRODUCTION 

In  comparing  the  means  (or  totals)  of  several  treatments  it  is 
often  pertinent  to  consider  them  in  ranked  order  and  to  ask  whether 
each  one  taken  in  turn  is  “significantly”  better  than  each  of  the  others, 
below  it.  That  is,  for  any  pair,  it  is  asked  whether  it  is  reasonably  safe 
to  decide  that  the  treatment  with  the  higher  observed  mean  has  the 
higher  population  mean. 

1.  This  and  a  companion  paper,  the  latter  to  be  published  in  this  Journal 
(Vol.  3,  No.  1),  include  and  extend  a  thesis  (1947)  approved  for  the  degree  of 
Ph.D.  at  the  Iowa  State  College. 

Editor’s  Note:  For  this  and  a  companion  paper,  presented  at  the  Annual  Meet¬ 
ing  of  the  Academy,  May  11,  1951,  Mr.  Duncan  received  the  J.  Shelton  Horsley 
Award.  This  award  is  made  annually  in  recognition  of  the  “most  highly  meritori¬ 
ous  paper’’  presented  at  the  Annual  Meeting. 
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Our  problem  is  to  provide  a  test  for  this  purpose  under  conditions 
which  usually  apply  or  are  taken  to  apply  in  many  analyses  of  vari¬ 
ance,  namely,  the  treatment  means,  xi,  X2,  .  .  .  ,  xn,  are  a  random 
sample  from  n  normal  populations  with  means  pi,  p*,  ...  , 
fm  respectively  and  a  common  unknown  variance  cr',  and  this  population 
variance  is  estimated  independently  by  an  observed  variance  s2  based 
on  n2  degrees  of  freedom. 

Example  1 :  Sears  tested  the  yields  of  eleven  pasture  mixtures 
in  a  4x11  randomized  block  design  at  the  Virginia  Polytechnic 
Institute  in  1949.  The  means  arranged  in  order  are: 

F  KDEAJBG  CH  I 

2.35  3.60  3.94  4-05-4.55  4.96  5.03  5*41  5*96  6.09  6.97 

The  analysis  of  variance  is: 

Source  d/'f  s.s.  m.s. 

Blocks  3  .8043  .2681 

Treatments  10  58.8802  5.8880 

Error  30  13.8414  .4614 


and  from  this  the  variance  of  a  treatment  mean  is  s'  -  .11535 

based  on  na  =  30  degrees  of  freedom. 

Nothing  is  assumed  to  be  known  a  priori  about  the  rela¬ 
tive  rankings  of  the  treatments.  Having  observed  the  results,  it 
is  required  to  test  whether  I  is  significantly  better  than  F, 

K,  ...  up  to  H,  whether  H  is  significantly  better  than  F,  K, 

...  up  to  C,  and  so  on.  This  is  a  typical  example  of  the  general 
problem. 

In  the  simple  two-treatment  case,  n  ^  2,  the  problem  is  perfectly 
solved  in  a  very  familiar  way  by  using  an  a-level  two-sided  t  test  of  the 
null  hypothesis  Ho:mi  =  /a2.  In  this  procedure,  if  (xi-xj) ,/\/2  s  >  t«. 
the  appropriate  a-level  significant  value  of  t,  we  decide  that  xi  is 
significantly  larger  than  xj,  or  in  other  words  we  accept  the  alternative 
hypothesis  Hi/u  >  pi,  for  i,j  =  1,2  or  2,1.  If  (xi-xj)/  y/2  s  ta  we  say 
that  Xi  is  not  significantly  greater  than  Xj  or  that  we  do  not  accept 
Hi:/ai  ]>  pi. 

In  the  more  complex  cases  with  several  treatments  n  >  2,  it 
is  natural  at  first  to  attempt  to  solve  the  problem  by  applying  a-level 
two-sided  t  tests  to  each  of  the  nCa  null  hypotheses  Ho:^i  =  pi  that 
can  be  obtained  by  considering  the  treatments  in  all  possible  pairs.  The 
joint  test  obtained  in  this  way  would  consist  of  the  rule:  If 

(xi-xi)  /\/ 2  s  >  ta  accept  Hi  :/n  >  otherwise  do  not  accept 

H  i*  /xi  >  /a  for  all  np2  permutations  of  the  means.  This  we  may  refer 
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to  henceforth  as  an  a-level  multiple  t  test. 

Many  of  the  standard  texts"  give  warnings  against  the  use  of  this 
test  and  it  is  widely  realized  that  it  has  most  unsatisfactory  features. 
Its  most  obvious  defect  is  the  large  error  probability  of  wrongly  rejecting 
the  hypothesis  that  all  of  the  n  treatments  concerned  are  homogenous. 
It  can  be  shown  that  a  5%  level  multiple  t  test  (with  m  00  ),  for 
example,  has  error  probabilities  of  this  nature  as  high  as  12.23%  in 
the  case  of  three  treatments,  20.34%  for  four  treatments,  and  so  on 
up  to  as  much  as  91.83%  for  20  treatments.  While  it  can  be,  and  will 
be,  argued  that  these  errors  do  not  have  to  be  as  low  as  the  chosen  5%, 
value,  they  are  far  too  large  to  be  satisfactory. 

What  is  required  in  effect  is  a  test  for  the  general  case  n  >>  2  which 
achieves  the  excellent  properties  of  an  a-level  two-sided  test  in  the 
case  n  =  2,  as  the  a-level  multiple  t  test  attempts  to  do,  but  which 
does  not  fall  into  the  same  difficulties. 

PAST  AND  PRESENT  TEST  PROCEDURES 
A  brief  illustrated  review  of  some  of  the  tests  proposed  in  the 
past  will  serve  to  introduce  the  general  problem  further  and  will  provide 
a  useful  background  for  the  main  ideas  to  be  put  forward. 

The  first  of  these  is  one  that  has  enjoyed  considerable  use  in 
tlie  past  and  consists  of  applying  a  multiple  t  test  if  and  only  if 
the  null  hypothesis  Hoi^i  -=  pz  =  .  .  .  =  is  first  rejected  by  means 
of  an  F  test.  If  the  E  test  is  not  significant  all  differences  among  the 
means  are  concluded  to  be  not  significant  without  any  further  testing.2 3 

The  results  of  this  procedure  are  often  presented  in  the  form  of 
an  a-level  least-significant  difference,  \/2  sta,  placed  at  the  foot  of  a 
table  of  ranked  means,  and  it  is  thus  often,  termed  the  least-significant 
difference  test. 

Example  2:  The  F  value  for  between  treatments  in  the  pasture 
data  in  example  1  is  12.76  and  is  significant  relative  to  the  5% 
significant  value,  2.16.  This  allows  the  use  of  the  5%  least 
significant  difference  \/2  st  — .  .98.  From  this  we  conclude  that 
all  pairs  of  means  not  appearing  together  in  a  common 
bracket  in  the  following  table  differ  significantly  from  one  another. 

F  KDEAJBG  CH  I 

2.65  ,3.60.  3. 94^.05  4*55.  4*96  ,5.03  ,5«41  5-96.  ,6.09^  6.9? 

2.  For  example,  Tippett  (1937)  section  3.33,  Fisher  (1947)  section  24,  Snede- 

cor  (1946)  section  15.5,  Paterson  (1939)  p.  38,  and  Cochran  and  Cox  (1950)  sec¬ 
tion  3.53.  . 

3.  The  idea  of  using  an  F  test  in  this  way  was  first  suggested  by  Fisher 
loc.  cit.  Others  have  followed  this  up  by  giving  the  above  test  in  detail,  e.g., 
Paterson  (1939)  pp.  38-42,  Goulden  (1939)  example  33,  p.  149,  Love  (1936) 
pp.  354-359,  and  Davies  (1949)  section  5.28. 
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The  second  test  is  one  which  D.  Newman  (1939)  tells  was  first 
suggested  by  “Student”  to  E.  S.  Pearson,  and  which  Newman  developed 
by  working  approximate  integrals  of  the  studentized  range.  This  pro¬ 
cedure  consists  of  applying  studentized  range  tests,  first  to  the  range 
of  the  whole  sample  of  treatment  means,  then  if  this  is  significant, 
to  the  ranges  of  the  two  subsamples  obtained  by  eliminating  the  highest 
and  lowest  means  respectively,  then  if  these  are  significant,  to  the 
ranges  of  the  four  subsamples  obtained  by  the  elimination  of  their 
extremes  and  so  on.  The  reduction  process  terminates  for  any  group 
of  means  when  its  range  is  found  to  be  not  significant. 

Example  3:  The  5%  level  studentized  range  significant  values 
for  n2  =  30  degrees  of  freedom  and  sample  sizes  2  to  1 1  are:4 


n  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

q  1 

2.89 

3.52 

3.85 

4.10 

4.31 

4.47 

4.61 

4.73 

4.83 

4.92 

On  multiplying  each  of  these  by  s  =  .3396  we  obtain  the 
following  least  significant  range  values : 


n  | 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

ranges 

.98 

1.20 

1.31 

1.39 

1.46 

1.52 

1.57 

1.61 

1.64 

1.67 

The  results  of  applying  these  to  the  foregoing  pasture  data 
are: 


F  KDEAJBG  CH  I 

.2,85  ^60  3«94  4*55,4*96  5.03y  5.41.  ,5*96  6,09.  6.97 

where  the  brackets  have  the  same  connotation  as  previously 
in  example  2. 

A  third  test  is  one  given  by  J.  W.  Tukey  (1949)  consisting  of  a 
combination  of  gap,  extreme  deviate  and  variance  tests.  This  procedure 
will  be  well  known  to  most  readers.  The  results  of  applying  it  at  the 
5%  level  to  the  above  pasture  data  are  as  displayed  in  example  4. 

Example  Jf : 

F  KDEAJBG  CH  I 

.2.35.  ,3.60  3.94  4.05  4.55  4.96  5.03  $>41,  .5*96  6.09  6.9?, 

GROUP  III  GROUP  II  GROUP  I 

The  groups  differ  significantly  from  one  and  another.  Also 
significant  differences  are  found  to  be  present  within  group  II 
but  are  not  specified  by  the  test. 

4.  These  have  been  obtained  from  Pearson  and  Hartley’s  Tables  (1943). 
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BASIC  REQUIREMENTS  FOR  A  SATISFACTORY  TEST 

A  full  analysis  of  any  given  test  involves  a  very  detailed  consider¬ 
ation  of  all  of  its  numerous  decisions  and  related  errors  and  the  inte¬ 
gration  of  these  in  the  form  of  an  average  weighted  risk  function  of 
the  type  given  by  Wald  (1939).  Unfortunately  the  multiplicity  of  the 
decisions  increases  so  rapidly  beyond  n  =  2  and  the  weighting  of  the 
errors  becomes  so  complex  that  this  direct  approach  is  very  cumbersome 
for  the  present  purposes. 

From  the  application  of  the  full  analysis,  however,  there  is  reason¬ 
ably  good  evidence  that  essentially  the  same  results  can  be  obtained  by 
confining  attention  to  a  comparatively  simple  basic  requirement.  This 
will  now  be  developed  with  fairly  acceptable  intuitive  reasons  for  its 
justification  and  will  be  used  as  the  main  criterion  of  a  good  test  in 
the  present  paper.  The  more  analytical  discussion  leading  to  the  same 
results  is  given  in  the  companion  paper  by  the  author  (1952). 

In  any  test  of  the  desired  type  we  may  identify  a  set  of  hypotheses 
of  critical  importance  relative  to  the  rest.  First  among  these  are  nCs  null 
hypotheses  of  the  form  Hoi^i  =  /xj,  stating  that  pairs  of  treatments  are 
equal;  next  comes  nCs  null  hypotheses  of  the  form  Ho :/xi  —  {n  —  [i* 
stating  that  three  treatments  are  equal,  and  so  on  up  to  one  null  hypo¬ 
thesis  Ho:/xi  =  /xa  =  9  .  .  .  ,  =  /xn  stating  that  all  n  treatments  are 
equal.  These  will  be  referred  to  as  two-treatment  null  hypotheses, 
three-treatment  null  hypotheses  and  so  on  up  to  one  n-treatment  null 
hypothesis. 

In  association  with  any  p-treatment  null  hypothesis  we  may  define 
(a)  a  p-treatment  type  1  error  as  the  error  of  rejecting  that  hypothesis 
when  true,  and  (b)  a  p-treatment  significance  level  ap  as  the  probability 
of  making  a  p-treatment  type  1  error,  p  =  2,  3,  .  .  .  ,  n. 

When  it  is  reflected  that  such  a  level,  ap,  represents  the  probability 
of  finding  at  least  one  significant  difference  among  a  set  of  p  equal 
treatments,  the  need  for  a  requirement  along  the  following  lines  is 
evident : 

Preliminary  Requirement. — For  a  given  test  T  to  be  satisfactory 
its  p-treatment  significance  levels  must  have  suitably  low  upper  limits. 
We  may  express  this  symbolically  as:  ap(T)  ^  ap ;  p  =  2,  3,  .  .  .  ,  n, 
where  ap(T)  represent  the  p-treatment  significance  levels  of  the  test 
T,  and  ap  represent  a  set  of  upper  limits  whose  values  are  to  be  discussed 
at  length  in  the  next  section. 

The  main  objections  to  an  a-level  multiple  t  test  arise  out  of  its 
failure  to  meet  this  requirement.  It  has  already  been  pointed  out  that 
for  the  cases  a  =  .05  and  m  <»,  a3  (m.t.)  =  .1223,  co(m.t.)  =  .2034, 
.  .  .  ,  a2o(m.t.)  =  .9183,  where  «-n(m.t.)  is  used  to  denote  the  n-treatment 
significance  level  of  a  multiple  t  test.  In  addition  to  the  large  value  for 
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an(m.t.)  it  will  be  also  seen5  that  similar  unduly  large  values  occur  for 
all  of  the  levels  ap(m.t.),  p  =  3,4,  .  .  .  ,  n-1,  within  a  single  test.  The 
only  satisfactory  levels  are  the  two  treatment  ones  0,2 (m.t.)  which 
equal  a. 

Turning  now  to  the  least  significant  difference  test,  it  will  be  seen 
that  the  preliminary  F  test  reduces  the  large  value  of  the  n  treatment 
significance  level  of  the  multiple  t  test  down  to  the  level  a(F)  of  the 
F  test  used.  Thus  we  may  write  an(l.s.d.)  =  a(F).  In  this  way  the 
least  significant  difference  test  removes  the  largest  of  the  high  significance 
level  weaknesses  of  the  multiple  t  test,  and,  as  we  shall  conclude  later, 
it  does  this  in  the  most  acceptable  way  by  using  an  F  test. 

Unfortunately  however,  the  preliminary  F  test  does  nothing  to 
insure  that  adequate  upper  limits  are  placed  on  the  remaining  levels 
ap(l.s.d.),  p  =  3,  4,  .  .  .  ,  n-1.  The  lowest  upper  limits  for  these  are  as 
high  as  those  of  the  multiple  t  test  and  are  thus  unsatisfactory.  This 
can  be  illustrated  in  an  example. 

Example  5:  Suppose  a  least  significant  difference  test  is  applied 
to  u  +  1  treatments,  u  of  which  are  equal  and  the  other  different 
from  the  rest.  It  is  necessary  only  to  postulate  a  large  enough 
value  for  the  difference,  and  the  F  test  is  almost  certain  to  be 
significant.  This  paves  the  way  for  the  practically  unconditional 
application  of  the  multiple  t  test  to  the  u  equal  treatments.  Thus 
the  least  significant  difference  test  will  have  the  same  high 
significance  levels  as  those  of  the  multiple  t  test  with  respect 
to  this  group  of  u  treatments. 

Since  the  arrangement  of  the  treatment  means  is  completely  unknown 
a  priori  any  ap(l.s.d.)  level  can  be  as  high  as  the  corresponding 
ap(m.t.)  level,  for  all  values  of  p  except  n. 

On  the  other  hand  it  will  be  seen  that  the  multiple  range  test 
proposed  by  Newman  meets  this  requirement  completely.  If  we  use 
a(qp)  to  represent  the  significance  level  used  for  testing  the  studentized 
range  q  for  a  group  of  p  means,  it  can  be  readily  seen  that 
ap  (m.q)  a  (qp)  ;  p  =  2,  3,  .  .  .  ,n-l,  and  an  (m.q.)  =  a(q«),  where  ap(m. 
q.)  denotes  an  ap  level  of  the  multiple  range  test. 

Despite  this  essential  advantage  however,  this  procedure  has  one 
important  disadvantage  relative  to  the  least  significant  difference  test. 
In  starting  with  a  range  test  instead  of  an  F  test  it  loses  much  appeal 
in  the  way  it  tests  the  n-treatment  null  hypothesis.  The  strong  appeal 
of  the  F  test  for  this  purpose  is  implicit  in  its  agreement  with  the 

5.  The  levels  a„  (m.t.)  are  readily  found  to  given  by  the  integral 

/ta 

f(q,>,n2>  dq,  where  f(qP,n2)  denotes  the  distribution  of  the  student- 
-t« 

ized  range  of  p  variates  with  n2  degrees  of  freedom.  Intregals  for  this 
distribution  are  given  by  Pearson  and  Hartley  (1943). 
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likelihood  ratio  criterion.  When  an  F  test  is  used  the  null  hypothesis  has 
a  smaller  likelihood  in  ever}^  case  in  which  it  is  rejected  than  in  every 
case  in  which  it  is  accepted.  This  is  not  true  for  a  range  test.  For  that 
test,,  the  null  hypothesis  is  sometimes  rejected  in  cases  when  it  has 
a  larger  likelihood  than  in  other  cases  when  it  is  accepted.  This  is  a 
decided  intuitive  weakness  of  any  test  of  a  null  hypothesis  which  does 
not  conform  to  the  likelihood  ratio  criterion. 

Further  consideration  along  these  lines  leads  to  the  establishment 
of  the  main  requirement: 

Main  Requirement. — For  a  given  test  T  to  be  satisfactory,  (a) 
it  must  not  reject  any  p-treatment  null  hypothesis  whenever  the  latter 
would  not  be  rejected  by  an  ai>-level  likelihood  ratio  test,  and  (b)  it 
must  reject  each  p-treatment  null  hypothesis  as  often  as  is  possible 
consistent  wTith  (a). 

Relative  to  this  requirement  Tukey’s  method  may  be  said  to  afford 
a  compromise.  It  places  lower  limits  on  the  various  significance  levels 
than  does  the  least  significant  difference  test  and  by  including  F  tests 
it  gets  closer  to  likelihood  ratio  test  boundaries  in  many  situations  than 
does  Newman’s  multiple  range  test.  However,  it  is  practically  impossible 
to  determine  precise  upper  limits  for  its  levels  and  its  approach  to 
the  requirement  appears  to  be  open  to  further  improvement. 

CONSISTENT  SIGNIFICANCE  LEVELS. 

Before  passing  on  to  outline  the  proposed  test  we  shall  consider 
how  low  it  is  necessary  to  make  the  upper  limits  up,  p  —  2,  3,  .  .  .  ,n. 

In  his  multiple  range  test  Newman,  without  special  comment,  made 
these  all  equal  to  the  same  value  .05  or  .01  by  using  .05  level  or  .01 
level  range  tests  throughout.  In  many  applications  of  the  least  significant 
difference  test  a  similar  step  is  made  by  putting  a(F)  =  a(m.t.)  =  .05  or 
.01,  while  in  others  the  F  test  level  is  placed  at  a  larger  value  than  that 
of  the  multiple  t  test  by  putting  a(F)  =  .05  and  «(t)  =  .01.  In  the 
gap,  straggler  and  F  test  procedure,  Tukev  uses  the  same  levels  either 
.05  or  .01  throughout. 

When  it  is  recalled  that  our  general  aim  is  to  produce  a  test  which 
has  equivalent  properties  to  that  of  an  a-level  two-sided  t  test  in  the 
case  n  =  2,  and  at  the  same  time  it  is  noted  that  the  introduction  of 
upper  limits  for  the  larger  levels,  av,  p=  3,  4,  .  .  .  ,  n,  causes  much 
relative  loss  of  power  in  the  tests  of  the  two-treatment  null  hypotheses, 
it  is  evident  that  these  upper  limits  should  be  relaxed  as  much  as  can 
be  considered  consistent  with  putting  an  upper  limit  of  a  on  aa. 

An  apparently  reasonable  basis  for  choosing  a  consistent  set  of 
values  for  these  levels  is  given  by  the  author  (194*7)  and  may  be  put 
as  follows : 

If  any  set  of  n-1  independent  comparisons  among  n  treatment  means, 

say, 
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n  —  1 

0i  —  fii  -  fX2}  02  —  /xi  +  fx 2  -  2 fxa,  .  .  .  ,  #n-i  —  ^  /x i  -  (n-1  )jU<nj 

i  =  1 

were  chosen  a  priori,  and  if  the  n-1  independent  hypotheses 
Hoi  :0i  =  0,  i  =  1,  2,  .  .  .  ,  n-1  were  each  tested  by  n-1  independent 
a-level  tests,  the  joint  test  so  obtained  would  also  provide  tests  of  a  full 
range  of  p-treatment  null  hypotheses  p  —  2,  3,  .  .  .  ,  n.  For  example, 
rejection  of  Hoi  or  FI02  implies  the  rejection  of  the  three-treatment  null 
hypothesis  Ho  =  jx  2  =  y,3  and  acceptance  of  both  implies  its  acceptance; 
rejection  of  Hoi,  Ho2^  or  H03  implies  rejection  of  the  four-treatment  null 
hypothesis  Ho  :^i  =  M2  =  ^3  =  iu  and  acceptance  of  all  implies  its  accept¬ 
ance,  and  so  on. 

On  consideration  it  is  seen  that  the  significance  levels  given  by 
this  joint  procedure  for  testing  p-treatment  homogeneity  hypotheses,  are 
ap  —  1  -  (l-a)p_1;  p-  2,  3,  ...  ,  n.  (1) 

Because  of  the  independent  nature  of  the  individual  tests,  these  levels, 
in  this  procedure  at  least,  must  be  considered  mutually  consistent  with 
one  another.  Since  the  p-treatment  homogeneity  hypotheses  concerned 
in  this  test  are  identical  in  nature  with,  and  differ  only  in  number  from 
those  of  the  required  test,  it  appears  that  these  values,  which  may  be 
usefully  termed  a-per-degree-of -freedom*  levels  provide  a  consistent  set  of 
upper  limits  for  the  levels  under  consideration. 

THE  MULTIPLE  COMPARISONS  TEST 

Restricted  Form. — A  somewhat  restricted  form  of  the  proposed 
test  will  be  presented  first.  This  consists  of  applying  the  following  rule 
to  each  of  the  differences  concerned.  Rule  1 :  The  difference  between  any 
two  means  xi  and  xj,  xi  <  xj,  is  significant  at  the  level  a.  provided 
the  variance  of  each  “p-treatment  enveloping  combination”  of  xi  and  xi 
is  significant  according  to  an  a-per-degree-of-freedom  level  F  test;  that  is, 
an  ap-level  F  test,  in  which  the  degrees  of  freedom  for  F  are  p-1  and  m 
respectively.  (  For  the  purpose  of  this  rule  we  shall  say  that  any  com¬ 
bination  C  containing  p-treatment  means  such  that  the  lowest  member 
of  C  is  not  higher  than  xi  and  the  highest  member  of  C  is  not  lower 
than  xj,  is  a  p-treatment  enveloping  combination  of  xi  and  xj.)  If  any 
one  of  these  variances  is  not  significant  the  difference  is  not  significant. 

Fortunately,  as  will  be  seen,  only  very  few  of  the  F  tests  involved 
actually  need  to  be  applied.  Before  passing  on  to  the  application  pro¬ 
cedures  it  will  be  observed  that  the  enveloping  combinations  of 
a  difference  as  defined  in  rule  1,  include  every  combination  for  which 
the  homogeneity  hypothesis  would  be  implicitly  rejected  if  that  difference 
were  accepted  as  significant.  By  requiring  that  the  variance  of  each 


6.  The  author  is  indebted  for  this  term  to  a  discussion  with  Tukey  who 
is  also  using  these  levels  in  some  recent  unpublished  extensions  of  his  test 
procedure  (1949). 


-Significant  Ranges  R'P,n2  for  a  5%  Level  Multiple  Comparisons  Test7 
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be  significant  according  to  an  rF  test  before  a  difference  is  accepted 
as  significant^  the  test  meets  the  first  part  of  the  main  requirement 
completely.  By  never  failing  to  decide  that  a  difference  is  significant 
unless  such  a  decision  would  contravene  the  first  part,  it  can  also  be  seen 
to  meet  the  second  part  of  the  requirement  as  well  as  possible. 

A  fairly  short  routine  for  applying  the  test  may  be  developed  in 
two  stages. 

Stage  1  is  similar  to  Newman’s  multiple  range  testing  procedure 
and  is  based  on  the  following  rule  which  gives  a  conservative  first 
approximation  to  rule  1.  Rule  2:  The  difference  between  any  two  means 
xi  and  xi  is  significant  at  the  level  a  provided  the  range  of  each 
p-treatment  enveloping  combination  of  xi  and  xj  exceeds  a  least  signifi¬ 
cant  range  Rp,n2a,  where  Rp,n2,a  —  sR,p,n2,a?  s  is  the  standard  e^ror  of  a 
treatment  mean.,  and  R'p,n2,a  is  selected  from  table  1  or  2  depending  on  a 
and  on  na,  the  degrees  of  freedom  for  s.  If  any  one  of  the  ranges  does 
not  exceed  the  required  value  the  decision  is  deferred  to  the  next  stage 
of  the  test. 

The  first  step  is  to  draw  up  a  table  of  the  least  significant  ranges 
for  p  =  2,  3,  .  .  .  ,  n.  Since  m  and  a  will  have  the  same  values  throughout 
a  given  test,  these  least  significant  ranges  may  be  adequately  denoted 
by  Ra,  Rs,  .  .  .  ,  Rn.  Space  should  be  left  in  this  table  for  a  corresponding 
row  of  least  significant  sums  of  squares  Sp  =  %R2p,  some  of  which  will  be 
needed  subsequently  in  the  second  stage. 

Since  the  values  Ra,  Rs,  .  .  .  ,  Rn  are  always  monotone  increasing, 
at  least  for  5%  and  1%  level  tests,  the  application  of  rule  2  requires 
the  inspection  of  only  one  inequality  for  each  of  the  larger  differences 
and  none  at  all  for  the  remainder,  provided  each  difference  is  inspected 
before  the  ones  it  envelopes.  If  a  decision  is  deferred  for  any  difference, 
the  decisions  for  all  the  differences  it  envelopes  must  be  deferred  at  the 
same  time.  The  rule  for  each  difference  inspected  in  this  way  is  simply : 
If  xj  -  xi  >  Rp,  xi  -  xi  is  significant;  where  p  is  the  number  of  means  for 
which  xj  -  xi  is  the  range,  that  is,  p  =  j  -  i  +  1.  If  xj  -  xi  >  Rp  defer  de¬ 
cisions  for  all  differences  in  the  group  xi,x»+i,  .  .  .  ,  xj.  There  is  one 
exception  to  the  latter  part  of  this  rule.  In  the  case  of  a  difference 
between  two  consecutive  means,  if  xt+i  -  xi  Ra  the  difference  is  not 
significant,  and  the  decision  need  not  be  deferred. 

The  following  example  shows  the  application  of  stage  1  of  a  5% 
level  test  to  the  foregoing  pasture  data. 

Example  6:  On  multiplying  the  standard  error  of  a  mean, 

s  =  .3396,  by  the  appropriate  values  in  table  1  for  na  =  30 

the  following  values  are  obtained  for  R2,  IT,  .  .  .  ,  Rn: 
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p 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

R 

S 

.98 

1.08 

.583 

1.16 

.673 

1.24 

.769 

1.31 

1.37 

1.43 

1.48 

1.53 

1.59 

(The  S  values  included  in  the  table  are  not  calculated  till 
actually  required  in  the  Second  stage  of  the  test,  which  is 
applied  in  example  7.) 

On  using  these  R  values  we  find  that  all  pairs  of  means 
not  appearing  together  in  a  common  bracket  in  the  following 
table  differ  significantly  from  one  another.  Decisions  about 
differences  between  all  means  bracketed  together  are  deferred 
till  stage  2  with  the  exception  of  K  -  F  which  is  not  significant. 

F  KDEAJBG  CH  I 

.2.85  t3. 60,  3.94  4.05  M.55.  >>96  5.03  5.41.  .5-96  6. 09.  6.97, 

In  obtaining  these  results,  a  good  system  is  to  start  by  comparing 
I  with  F,  then  I  with  K,  and  so  on  to  I  with  C  where  the 
inequality  first  breaks  down  with  I-C  =  1.0l!3>  1.08.  The 
bracket  is  then  placed  around  CHI.  Next  compare  H  with  F, 

H  with  K,  .  .  ,  H  with  J  in  turn  terminating  at 

H-J  =  1.13  ^t>  1.24.  The  bracket  is  then  placed  around 
JBGCH.  Continue  in  this  way  comparing  C  with  the  rest, 

G  with  the  rest  and  so  on,  making  sure  never  to  test  any  differ¬ 
ence  already  included  within  a  bracket. 

The  above  procedure  never  accepts  a  difference  as  significant  unless 
it  is  significant  by  rule  1.  This  follows  from  the  derivations  of  the 
tabled  values  which  are  given  by  the  relationships9 

R'p,n2,a  =  V/2(p-l)Fp-l,n2,a„,  ns  >  2, 

R'p,n.,a  =  \/2Fl,n2,a  =  \/2tn2,a,  ns  =  1,  2. 

The  change  in  derivation  for  m  —  1?  2,  is  needed  because 

(p-l)Fp-l  ,n2,ap  is  monotone;  increasing  with  respect  to  p  for  m  >  2, 
but  monotone  decreasing  for  m  =  1,  2,  and  the  validity  of  the  procedure 
requires  that  R'p,n2,a  be  defined  as  the  largest  of  the  values 
y/2(i-l)Fi-l,n25ai,  i  =  2,  3,  .  .  .  ,  p. 

Stage  2  consists  of  a  rigid  application  of  rule  1  to  the  differences 
for  which  decisions  have  been  deferred  in  stage  1.  In  the  following- 
description  we  will  now  let  xi,  x=,  .  .  .  ,  xn  represent  a  set  of  ranked 
means  left  bracketed  together  at  the  end  of  that  stage.  The  procedure 
will  follow  the  same  pattern  for  all  such  groups. 


9.  Evaluated  by  using  K.  Pearson’s  Tables  (1934a  and  1934b). 
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The  aim  for  a  group  is  first  to  test  the  range  xn  -  xi.  The  significances 
of  the  variances  of  all  enveloping  combinations  of  (^xn)  except  the 
following  have  already  been  established  in  stage  1. 

(X!,Xn), 

(X!,X2,Xn),  (xi,X3,Xn),  .  ,  (xi,Xn-l,Xn)  (3) 

(xi,X2J,  .  .  .  ,  Xn). 

The  main  requirement  now  is  to  show  either  that  the  variance  of 
one  of  these  combinations  is  not  significant  making  xn  -  xi  not  significant, 
or  that  the  variances  of  all  are  significant  making  xn  -  xi  significant. 
The  work  involved  in  this  will  consist  of  the  examination  of  rarely 
more  than  three  or  four  inequalities. 

In  testing  the  variance  of  any  one  of  the  combinations  (3)  except 
the  first,  (xi,xn),  we  use  the  rule:  if  SS  >  Sp  the  variance  is  significant 
and  not  otherwise,  where  SS  is  the  sum  of  squares  for  the  combination, 
p  is  the  number  of  means  it  contains  and  Sp  is  the  least  significant  sum 
of  squares  for  p  means  obtained  as  previously  stated  from 
Sp  =  %R2p.  As  each  value  of  Sp  is  calculated  it  is  entered  in  the 
table  already  prepared  for  this  purpose.  In  testing  the  variance  of  the 
first  combination  we  use  the  rule:  if  xn  -  xi  >  R?  the  variance  is  significant 
but  not  otherwise. 

The  first  step  is  to  test  the  sum  of  squares  of  the  combination 
containing  the  whole  group,  that  is  (xi.X2,  .  .  .  ,  xn) .  If  this  is  significant 
we  turn  to  the  first  combination.  If  xn  -  xi  >  FT,  it  may  also  exceed  the 
least  significant  range  for  a  combination  of  say  4  treatments.  From 
this  we  would  know  immediately  that  the  variances  of  all  combinations 
with  4  treatments  or  less  are  significant,  and  would  then  proceed  to  an 
examination  of  5-treatment  combinations.  In  dealing  with  these  we  would 
pick  the  one  with  the  smallest  variance.  Generally  it  will  be  possible  to 
do  this  by  inspection.  Then  if  the  sum  of  squares  of  this  particular  com¬ 
bination  is  significant  so  also  would  be  the  sums  of  squares  for  the 
remaining  5-treatment  combinations.  .Furthermore,  if  this  sum  of  squares 
also  exceeds  the  significant  value  for  a  combination  of  say  7  treatments 
it  would  follow  that  the  variances  of  all  combinations  with  7  treatments 
or  less  would  be  significant.  We  would  then  proceed  to  an  examination 
of  the  8-treatment  combinations,  and  so  on. 

As  a  rule  groups  of  this  type  will  be  relatively  small  and  the 
process  will  give  a  decision  fairly  rapidly.  If  x»  -  xi  is  not  significant 
all  differences  between  single  means  in  the  group  xi,X2,  .  .  .  ,xn  are  not 
significant.  If  xn  -  xi  is  significant  the  stage  1  procedure  is  then  con¬ 
tinued  to  the  point  to  which  it  would  have  gone  had  xn  -  xi  been  found 
significant  in  the  first  application  of  stage  1.  This  in  turn  produces  one 
or  two  groups  to  which  the  stage  2  procedure  is*  again  applied,  and  so  on. 

The  following  example  shows  the  applications  of  the  second  stage 
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of  a  5%  level  test  to  the  bracketed  groups  left  at  the  end  of  stage  1  in 
example  6. 

Example  7 : 

group  CHI:  SScm  =  .6038  >  Ss  =  .583,  I  -  C  =  1.01  >  IE  = 

.98,  hence  I  -  C  is  significant. 

group  JBGCH:  SSjbgch  =  1.0798  >  Ss,  H  -  J  —  1.13  >  R», 
SSjbgh  =  .8037  >  Ss,  hence  H  -  J  is  significant. 

group  AJBG:  SSajbg  >Si  hence  G  -  A  is  not  significant. 

group  DEAJB:  SSdeajb  >  Ss,  B  -  D  >  Rs,  SSbajb  >  Si, 
hence  B  -  D  is  significant. 

group  KDEA:  SSkdea  Si,  hence  A  -  K  is  not  significant. 
Next,  on  continuing  stage  1  beyond  the  stopping  points  removed 
in  finding  I  -  C,  H  -  J,  and  B  -  D  significant,  we  proceed  to 
the  following  end-of-stage  1  result: 


D  £ 


J  B 


C  H 


.2,65  3,60.>3>94i4.05i4*55f.4»96J15«03J  5.41  5.96..6.Q9. 


I 

6.97, 


At  this  point  we  may  conclude  that  I  -  H  is  not  significant. 
On  applying  stage  2  steps  to  the  new  groups  we  have: 
group  BGCH :  SSbgch  ;>  Si,  H  -  B  >  R2,  SSbgh  3>  Ss, 

hence  H  -  B  is  not  significant. 


For  each  of  the  groups  JBCG,  EAJB,  and  DEAJ,  the  sum 
of  squares  for  all  means  is  not  significant  hence  each  group 
contains  no  significant  differences. 


The  complete  results  of  the  restricted  form  of  the  proposed 
test  may  now  be  stated  by  saying  that  the  differences  between 
all  pairs  of  means  not  enclosed  in  a  common  bracket  in  the  above 
diagram  are  significant.  All  other  differences  between  single 
means  are  not  significant. 

The  above  test  meets  the  given  objective  in  the  best  way  according 
to  the  main  requirement.  This  objective,  it  is  recalled,  is  to  test  only 
the  differences  between  single  means  taken  in  all  possible  pairs.  By 
making  certain  additions  to  this  aim  however,  it  is  possible  to  improve 
the  general  power  of  the  procedure  a  little  without  contravening  the 
main  requirement. 

Sometimes  the  variance  of  a  group  of  means  is  significant  but '  the 
range  is  not.  This  occurs  for  instance  in  the  group  BGCH  in  example  7. 
In  any  such  group  having  a  significant  variance  we  can  argue  that 
there  is  at  least  one  comparison  which  may  be  accepted  as  significant. 
This  may  be  put  in  the  following  way. 

Let  xi,  X2,  .  .  .  ,  xn  represent  the  means  in  a  group  and  consider  the 
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comparison  c  —  kixi  +  kaxa  +  .  .  .  +  knxn,  whereki  —  (xi-x),  i—  1 ,  .  ,  n. 

The  estimated  variance  of  this  comparison  is  S2t  =  2k2iS2  =  2(xi-x)~s', 
and  from  this  it  follows,,  that  if  the  sum  of  squares  of  tlie^  group  is  sig¬ 
nificant,  that  is,  if  ^(xi-x)2  >  Sn,  then  c/sc  >  Rn/\/2  s.  Thus  c  is 
as  large  relative  to  its  standard  deviation,  sc,  as  a  significant  difference 
between  single  means,  xn  -  xi  would  be  relative  to  its  standard  deviation* 
■\/2  s.  Hence  when  the  variance  of  a  group  is  significant  we  may  decide 
that  the  comparison  c  at  least  is  significant.  In  other  words  we  may  accept 
the  hypothesis  H:  ^ki/xi  >  0  where  ki  is  the  value  of  the  observed 
deviate  (xi-x),  i  =  1,  2,  .  .  .  ,  n. 

This  type  of  decision  may  be  put  in  less  specific  forms,  which  will 
be  adequate  for  most  purposes,  by  dividing  the  group  at  its  mean  and 
deciding  that  weighted  averages  of  the  subgroups  differ  significantly, 
or  that  at  least  one  member  of  one  subgroup  is  significantly  different  to 
at  least  one  member  of  the  other.  Henceforth,  for  the  sake  of  brevity, 
we  will  refer  to  a  decision  of  this  type  as  the  decision  that  the  two 
subgroups  are  significantly  different. 

Where  a  group  is  a  subset  of  a  larger  group,  decisions  of  this  kind 
are  subject  to  restrictions  related  to  the  enveloping  combinations.  The 
complete  form  of  the  proposed  test  is  developed  along  these  lines  and 
may  be  given  as  the  following  generalization  of  the  restricted  test. 

Complete  Test. — Let  U  and  V  represent  two  subgroups  containing 
u  and  v  means  each,  such  that  all  members  of  U  and  V  are  respectively 
less  than  and  greater  than  the  mean  of  the  two  subgroups  combined. 

The  complete  test  consists  of  the  application  of  the  following  rule 
to  the  differences  between  all  pairs  of  subgroups  U  and  V  which  can 
be  selected  subject  to  the  restriction  that  no  subgroup  of  U  is  significantly 
different  to  any  subgroup  of  V  by  the  same  rule.  Rule  3:  The  difference 
between  U  and  V  is  significant  at  the  level  a  if  the  variance  of  each 
p-treatment  enveloping  combination  of  U  and  V  is  significant  according 
to  an  u-per-degree-of-freedom-level  F  test  as  previously  defined  in  rule  1. 
(For  the  purpose  of  this  rule  we  will  say  that  any  combination  C,  con¬ 
taining  p  means,  p  ^  u  t  ;v,  such  that  the  lowest  u  members  of  C  are 
•  each  not  higher  than  the  corresponding  members  of  U  and  highest  v 
members  in  C  are  each  not  lower  than  the  corresponding  members  of 
V,  is  a  p-treatment  enveloping  combination  of  U  and  V.)  If  anyone 
of  these  variances  is  not  significant,  the  difference  is  not  significant. 

Because  of  the  restriction  on  the  selection  of  the  subgroups  U  and  V, 
the  complete  test  may  be  divided  into  a  three  stage  procedure  in  which 
the  first  two  stages  are  identical  with  those  already  given  for  the  restricted 
test  and  the  third  stage  alone  is  new.  The  work  of  the  third  stage  is 
limited  entirely  to  each  group  of  means  in  which  there  are  no  significant 
differences  between  sing*!©  iwciubcrs  but  for  which  the  total  sum  of 
squares  is  significant. 
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By  requiring  that  the  variance  of  each  enveloping  combination  be 
significant  before  a  difference  is  accepted  as  such,  this  complete  test 
also  meets  the  first  part  of  the  main  requirement.  By  never  failing  to 
reject  the  homogeneity  hypothesis  for  any  combination  unless  such  a 
decision  would  contravene  the  first  part,  it  can.  also  be  seen  to  meet  the 
second  part  of  the  requirement  completely. 

The  third  stage  required  to  complete  the  restricted  test  in  examples 
6  and  7  is  given  in  example  8. 

Example  8 :  The  only  group  in  example  7  with  a  significant  sum 
of  squares  but  with  no  significant  differences  between  single 
means  is  BGCH  for  which  the  results  are  as  follows: 

B  G  C  H 

5.03  5.41  5.96  6.09 

By  inspection  the  subgroups  B  and  CH  alone  appear  to  differ. 

They  qualify  for  testing  because  no  subgroup  of  C  and  H  is 
significantly  different  to  B.  The  only  enveloping  combination 
whose  variance  has  not  already  been  tested  and  found  significant 
is  the  combination  BCH.  On  testing  this,  we  find  SSbch  >  Ss 
hence  the  groups  B  and  CH  are  significantly  different.  This 
result  together  with  those  for  example  6  and  7  finalize  the 
results  of  the  complete  test  for  these  data: 

Compromise  for  Stage  3. — As  a  rule  the  number  of  comparisons 
requiring  attention  in  the  third  stage  will  be  small  and  the  work  will 
terminate  quickly.  Sometimes  however,  the  numbers  will  be  large  and 
the  application  of  the  full  third  stage  may  be  unnecessarily  tedious. 
In  such  cases  a  compromise  is  proposed  which  keeps  the  work  down  and 
sacrifices  very  little.  This  consists  of  limiting  the  application  of  rule 
3  to  what  appears  to  be  the  most  important  between-subgroup  difference 
in  the  given  group,  without  bothering  to  observe  the  restriction  that 
parts  of  the  chosen  subgroups  should  not  be  significantly  different. 

The  value  of  having  a  test  defined  a  priori  for  such  an  extensive  t 
set  of  comparisons  lies  not  so  much  in  actually  applying  it  to  all  such 
comparisons  in  any  one  case,  as  in  the  wide  choice  it  allows  for 
selecting  interesting  comparisons  a  posteriori ,  still  giving  a  valid  test 
for  each.  The  relaxation  of  the  selection  restriction  only  means  that  two 
subgroups  may  be  accepted  as  significantly  different  when  more  detail 
may  have  been  obtained  enumerating  which  parts  of  these  subgroups  are 
significantly  different  and  which  are  not.  This  is  unimportant  if  the 
subgroups  concerned  are  reasonably  compact. 

The  complete  test  using  the  compromise  for  s{>a^o  o  io  illustrated  in 
example  9. 
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Example  9:  Snedecor  (1946)  gives,  as  example  11.28,  the 
results  of  a  7x7  Latin  square  fertilizer  trial  with  potatoes.  The 
estimated  standard  error  of  a  treatment  mean  is  s  =  9.52  and 
this  is  also  based  on  na  =  30  degrees  of  freedom.  The  least 
significant  ranges  and  sums  of  squares  for  a  5%  level  test  are: 


p  i 

2 

3 

4 

5 

6 

7 

R  | 

30.2 

32.6 

34.7 

36.6 

38.4 

S  , 

^  27.5 

456 

531 

602 

670 

From  the  least  significant  ranges,  the  results  of  stage  1  of  the 
test  are  found  to  be, 

A  D  C  B  E  F  Q 

t 341.9  ,360.4  360.5  363*1.  379*9  386.3  337*1, 

where  the  brackets  have  the  same  connotation  as  before.  The 
work  for  stage  2  is  now: 

group  DCBEFG  :SSdcbefg  >  Se,  G  -  D  R^  hence  G  -  D  is  not 
significant. 

group  ADCB :  SSadcb  Sq  hence  this  group  contains  no  sig¬ 
nificant  differences. 

Thus  the  results  at  this  stage  are  still  that  G  -  A,  F  -  A,  and 
E  -  A  alone  are  significant. 

Of  the  two  groups  remaining,  only  DCBEFG  qualifies  for 
testing  in  stage  3  because  its  sum  of  squares  alone  has  been 
found  significant.  Since  DC  and  FG  constitute  two  well  separ¬ 
ated  compact  subgroups,  we  shall  test  the  difference  between 
these.  For  these  the  enveloping  combinations  whose  variances 
have  not  already  been  shown  to  be  significant  are  DCFG, 
DCBFG,  and  DCEFG.  Using  a  skipping  system  like  that  of 
stage  2  we  get  SSdcfg  >  So  which  immediately  establishes  the 
significances  of  all  three  variances,  hence  the  difference  between 
DC  and  FG  is  significant.  Thus  the  final  results  are  that  G  -  A. 

F  -  A,  E'  -  A  and  DC  versus  FG  are  significant. 

A  SPECIAL  APPLICATION  IN  VARIETAL  TRIALS 

Suppose  that  several  crop  varieties  have  been  grown  and  ranked 
in  order  of  merit  according  to  their  average  yields.  It  may  be  desired 
to  choose  a  certain  number  of  these  so  as  to  be  reasonably  sure  of 
including  the  best.  This  problem  could  be  met  by  taking  the  variety 
with  the  highest  yield  and  all  those  that  did  not  differ  significantly 
from  it  according  to  an  a-level  multiple  comparisons  test.  Only  a  partial 
application  of  the  restricted  form  of  the  test  would  be  required  for 
this  purpose. 
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In  a  more  general  case  it  may  be  desired  to  choose  a  number  so 
as  to  include  the  best  r  varieties.  This  could  be  met  in  a  similar  way 
by  taking  all  varieties  which  are  not  significantly  less  than  the  rtTl 
variety  according  to  the  same  procedure. 

CONCLUDING  REMARKS 

From  the  examples  it  will  be  seen  that  with  a  little  practice  and 
with  modern  calculating  machines  the  proposed  test  is  not  unduly 
difficult  to  apply  and  provides  results  which  are  both  useful  and  intui¬ 
tively  acceptable. 

The  statistical  merits  of  the  test  rest  completely  on  the  accepta¬ 
bility  of  the  main  requirement  developed  in  section  4  and  the  <x-per- 
degree-of-freedom  levels  given  in  section  5. 

The  acceptability  of  the  main  requirement  is  fairly  well  confirmed 
in  detail  by  an  average  weighted  risk  analysis  given  in  the  companion 
paper  (1952).  The  use  of  the  a-per-degree-of-freedom  levels  represents 
a  radical  step  relative  to  other  comparable  procedures  in  the  literature. 
After  very  lengthy  consideration  and  discussion  however,  these  levels 
do  appear  to  be  more  appropriate  than  the  more  orthodox  uniform  levels 
av  =  a  and  effect  considerable  increases  in  the  general  power  of  the 
procedure. 

The  work  in  this  and  the  companion  paper  has  been  done 
with  the  financial  assistance  of  a  University  of  Sydney  Pawlett 
Scholarship  at  the  Iowa  State  College,  a  Commonwealth 
Research  Grant  at  the  University  of  Sydney  and  a  contract 
with  the  Bureau  of  Agriculture  Economics  at  the  Agricultural 
Experiment  Station  of  the  Virginia  Polytechnic  Institute. 
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Bottom  Fauna  and  Temperature  Conditions  in 
Relation  to  Trout  Management  in  St.  Mary’s 
River,  Augusta  County,  Virginia1 2 

Eugene  W.  Surberj 

Biologist,  Federal  Security  Agency, 

Public  Health  Service,  Chicago,  III. 

St.  Mary’s  River  is  one  of  the  better  trout  streams  in  the  George 
Washington  National  Forest  and,  as  a  consequence,  has  been  the  subject 
of  several  investigations  (Surber,  1940).  It  arises  from  small  springs., 
and  flows  through  a  narrow,  very  rocky,  uninhabited  mountain  ravine 
(Figure  1)  in  eastern  Augusta  County,  Virginia  as  a  tributary  of  South 
River  of  the  James  River  watershed.  The  stream  flows  over  a  rubble, 
boulder-  strewn,  and  gravel  bed  of  quartzite,  apparently  dissolving  little 
of  the  elements  conducive  to  high  biological  production.  It  has  very  soft 
water  and  is  slightly  acid.  As  shown  in  Table  I,  the  average  methyl 
orange  alkalinity  is  about  4.69  parts  per  million,  the  pH  is  6.8,  and  the 
free  carbon  dioxide  content  is  3.1  parts  per  million. 

According  to  Mr.  R.  Lybrook,  once  chemist  for  one  of  the  manga¬ 
nese  mining  companies  operating  in  the  valley,  the  manganese  content 
of  St.  Mary’s  River  water  was  relatively  high,  averaging  about  0.316 
parts  per  million.  The  manganese  ore  mined  in  the  valley  was  water 
deposited  and  occurred  in  its  purest  form  as  stalactites  and  stalagmites. 

The  average  width,  as  reported  by  McGavock  and  Davis  (1935)  on 
May  17,  1934,  was  9  feet  upstream  from  the  National  Forest  boundary 
to  Mine  Bank  (on  map,  just  above  Mine  Bank  Creek).  From  this 
point  to  its  source,  the  stream  averaged  7  feet  in  width.  On  that  date, 
the  flow  was  estimated  at  7.9  cubic  feet  -per  second,  with  a  gradient  of 
150  feet  per  mile,  in  the  lower  section  and  4.3  cubic  feet  per  second  and 
a  gradient  of  175  feet  per  mile  in  the  upper  section.  The  survey  party 
making  the  original  survey  gave  the  stream  a  pool  grade  of  “B”  indi¬ 
cating  average  conditions  with  many  pools  of  suitable  depth  and  ade¬ 
quate  shelter.  Suitable  depth  might  be  defined  as  depths  of  2  feet  or 
more  and  adequate  shelter  may  be  provided  by  overhanging  banks,  by 
the  presence  of  flat  rocks  or  boulders  underneath  which  trout  may  hide. 


1  Release  No.  51-3  of  the  Virginia  Cooperative  Wildlife  Research  Unit; 
Virginia  Polytechnic  Institute,  Virginia  Commission  of  Game  and  Inland  Fish¬ 
eries,  Wildlife  Management  Institute  and  the  U.  S.  Fish  and  Wildlife  Service 
(Department  of  the  Interior),  cooperating’. 

2  Formerly  Biologist,  Fish  and  Wildlife  Service,  Kearneysville,  West  Vir¬ 
ginia;  Adjunct  Professor  of  Biology,  Virginia  Polytechnic  Institute,  Blacksburg-, 
Virginia. 
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Figure  1.  General  location  of  St.  Mary’s  River,  George  Washington 
National  Forest^  Virginia. 
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Table  I. — Chemical  Data.  St.  Mary’s  River,  Virginia. 


Date 

Water 

Temperature 
degrees  F. 

Hydrogen-ion 

concentration 

Free  carbon 

dioxide  p.p.m. 

Dissolved 

oxygen  p.p.m. 

| 

Methyl  orange 

alkalinity 

p.p.m 

Aug.  29,  1938  . 

.  63.0 

6.9 

5.0 

8.6 

8.75 

Sept.  22,  1938  .. 

.  52.5 

6.9 

3.8 

9.4 

5.00 

Nov.  9,  1938  .... 

6.7 

2.0 

11.1 

2.50 

Apr.  4,  1939  .... 

.  49.5 

6.8 

1.5 

10.6 

2.50 

Average  . 

.  55.0 

6.8 

3.1 

9.9 

4.69 

or  simply  by  surging  water  at  the  head  of  a  pool  where  depths  are 
usually  greatest. 

During  World  War  I,  a  railroad  spur  was  constructed  in  the  St. 
Mary’s  Valley  to  the  Red  Mountain  Mine  where  manganiferous  iron 
ore  was  obtained.  Mines  were  also  located  on  Mine  Bank  Mountain. 
Residents  in  the  section  have  stated  that  during  the  operation  of  these 
mines,  the  stream  was  almost  continuously  roily  due  to  the  washing 
of  ore  and  was  unfit  for  trout.  After  World  War  I,  the  mines  and  rail¬ 
road  were  abandoned;  rails  were  removed  and  by  1935  the  stream  was 
clear  and  contained  a  few  nice  trout.  The  railroad  grade  had  grown  up 
in  briers  and  brush,  and  there  was  no  one  residing  within  the  game 
management  area.  Fly-fishing  is  difficult  due  to  the  canopy  of  alders 
which  arch  over  the  stream  bed  and  shade  it  throughout.  There  are 
impassable  falls  at  two  points  about  half-way  up  the  stream  (see  Figure 
1).  While  the  stream  always  has  a  good  flow  within  the  Big  Levels 
Game  Management  Area,  the  lower  boundary  of  which  is  about  one  mile 
above  the  mouth  of  Spy  Creek,  the  stream  bed  has  been  seen  entirely 
dry  at  the  mouth  of  Spy  Creek.  On  the  whole,  the  stream  maintains 
a  better  flow  than  the  majority  of  streams  in  the  George  Washington 
National  Forest  area,  and  it  has  above  average  natural  protection  in  the 
form  of  deep  pools  and  sheltering  boulders. 

TEMPERATURE  CONDITIONS 

A  continuous  record  of  the  temperature  of  St.  Mary’s  River  was 
obtained  with  a  recording  thermometer  for  the  period  October  18,  1936, 
to  October  18,  1937,  at  a  point  about  0.75  mile  below  the  game  manage¬ 
ment  area  boundary.  Figure  2  depicts  temperature  conditions  in  the 
stream  graphically. 

A  maximum  temperature  of  68 °F.,  and  mean  monthly  temperatures 


1951 ] 


Bottom  Fauna  in  St.  Mary’s  River 


193 


of  62.75  in  June,  63.20  in  July,  64.93  in  August,  and  58.42  in  September, 
were  recorded.  Daily  variations  in  water  temperature,  even  on  the 
warmest  days,  were  very  small  due  principally  to  the  narrowness  of 
the  mountain  ravine  through  which  the  stream  flows  and  a  canopy  of 
alder  bushes  over  the  stream.  The  maximum  temperature  on  the  warmest 
days  occurred  between  3:00  and  5:00  p.m.,  while  the  minimum  occurred 
between  3:00  and  6:00  a.m.  There  is  reason  to  assume  that  the  effective 
feeding  temperature  range  for  trout  lies  between  47°  and  68 °F.,  which 
seems  probable  in  the  St.  Mary’s  River.  If  this  feeding  temperature 
range  is  accepted,  there  were  231  effective  feeding  days,  or  parts  of 
days  (see  Table  II)  during  the  period  October  18,  1936  to  October 
18,  1937.  The  temperature  data  collected  during  the  early  spring  of 
1937  show  only  seven  days  prior  to  April  15,  then  the  opening  day  of 
the  trout  season,  when  trout  could  have  fed  sufficiently  to  grow  and 
improve  their  condition. 

The  optimum  temperature  for  feeding  and  growth  of  brook  and 
rainbow  trout  is  55-60°F.,  according  to  Davis  (1929)  and  Embody 
(1936).  Optimum  conditions,  therefore,  prevail  in  the  St.  Mary’s  River 
through  the  greater  part  of  May,  June,  July,  August,  and  September. 
According  to  Embody  (1936),  brook,  brown,  and  rainbow  trout  do  not 
cease  feeding  altogether  even  at  the  extreme  temperatures  of  75  and 
77°F.,  but  only  a  very  minor  portion  of  the  food  offered  is  consumed 
and  growth  is  practically  nil.  It  seems  doubtful  that  such  extremes  of 
temperature  have  ever  been  attained  in  the  St.  Mary’s  River,  and 


Table  II. — Number  of  days  in  which  temperatures  of  47°  to  65°F. 
were  recorded,  St.  Mary’s  River,  Virginia. 


Month 

Year 

Number  of  days 

October 

1936 

14 

November 

1936 

14 

December 

1936 

0 

January 

1937 

8 

February 

1937 

0 

March 

1937 

3 

April 

1937 

21 

May 

1937 

31 

June 

1937 

30 

July 

1937 

31 

August 

1937 

31 

September 

1937 

30 

October 

1937 

18 

Total 

231 
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from  our  own  observations  it  appears  that  temperature  conditions  are 
nearly  ideal  for  growth  during  at  least  five  months  of  the  year.  Needham 
(1988)  notes  that  brook  trout  thrive  best  in  streams  that  show  mid¬ 
summer  maximum  temperatures  around  66°F.  Gerrisli  (1935)  observed 
that  the  growth  rate  of  trout  depends  upon  the  length  of  the  growing 
season  and  the  inclination  to  feed  within  that  period.  “Water  tempera¬ 
ture/’  he  states,  “is  only  material  in  so  far  as  it  affects  the  amount  of 
dissolved  oxygen  in  the  water”  ( ibid ,  p.  14).  He  believes  that  trout 
cannot  feed  below  40°F.,  also  that  even  between  40°  and  56°F.,  a  too 
sudden  rise  of  temperature  or  a  sharp  fall  of  atmospheric  pressure  will 
put  trout  off  feeding  for  a  while.  In  the  Lambourn,  he  found  trout  feeding 
freely  between  40°  and  56°F.,  while  from  57°  upward  the  ability  to  feed 
decreased  rapidly  until  at  60°F.  it  ceased.  He  observed  that  yearlings 
were  less  sensitive  to  temperature  changes  than  were  older  fish;  and  fry 
were  less  sensitive  than  yearlings.  In  the  same  paper;  he  pointed  out 
that  trout  in  such  larger  rivers  as  the  Kennet  fed  up  to  66°F.;  and  in 
New  Zealand  he  observed  that  they  fed  heavily  up  to  73°F.  and  probably 
higher.  In  these  larger  streams  he  believed  that  a  higher  iodine  content 
enabled  them  to  feed  at  relatively  high  temperatures. 

In  connection  with  the  maximum  temperatures  at  which  trout  feed, 
it  was  interesting  to  note  that  on  July  13,  14,  1937,  Dr.  James  S. 
Gutsell,  Reuben  O.  Knuth  and  the  writer  collected  from  St.  Mary’s 
River  82  brooks  and  56  rainbows  for  growth  measurements  using  arti¬ 
ficial  flies  and  spinners.  On  both  of  these  days,  the  maximum  water 
temperature  was  66°F.,  while  the  average  daily  temperatures  were 
65.56  and  65.75,  respectively.  On  these  days,  the  trout  were  obviously 
feeding  vigorously. 

The  temperature  data  collected  during  the  early  spring  of  1937 
show  there  were  only  seven  days  prior  to  April  15  when  trout  could 
have  fed  sufficiently  to  grow  and  improve  their  condition.  This  infor¬ 
mation  might  be  offered  as  an  argument  against  the  opening  of  a  trout 
season,  even  in  this  southerly  section,  much  before  May  1. 

Beginning  August  27,  1935,  square  foot  bottom  samples,  usually  18 
to  20,  were  taken  at  monthly  intervals,  except  for  two  or  three  months 
in  late  winter,  until  August  24,  1937.  The  samples  were  collected  with 
a  squarefoot  bottom  sampler  using  the  equipment  and  technic  described 
by  Surber  (1936).  The  results  are  summarized  in  Table  III.  An  analysis 
of  the  data  shows  an  average  wet  weight  production  in  grams  per 
square  foot  of  1.04  grams  (dry,  0.22  gram)  for  the  four  months  during 
which  collections  were  made  in  1935  (August,  September,  October,  and 
late  November).  During  the  nine  months,  mid- April  to  mid-December 
of  1936,  the  average  wet  weight  of  bottom  animals  was  1.12  grams  per 
square  foot  (dry  0.28  gram).  In  1937,  collections  were  continued  from 
April  1  to  August  24.  The  dry  weight  of  the  1937  bottom  samples  was 
not  determined,  but  the  wet  weight  averaged  1 .06  grams  per  square 


Figure  2.  Temperature  data,  St.  Mary’s  River,  Virginia,  showing  average  daily  variations  from  October 
193G  through  October,  1937. 


1951 ] 


Bottom  Fauna  in  St.  Mary’s  River 


195 


K 

CO 


o> 

3 


4 


K 

G) 


<0 

<^0 


196  The  Virginia  Journal  of  Science  [ July 

foot.  Again  in  1938,  a  series  of  10  samples  per  month  was  collected 
from  , March  23  to  November  9.  These  samples  averaged  1.37  grams  per 
square  foot.  This  average  was  slightly  above  that  of  the  three  previous 
years  when  larger  numbers  of  samples  were  collected.,  but  it  serves 
to  give  additional  evidence  that  the  riffle  areas  average  slightly  more 
than  1.00  gram,  wet  weight,  of  potential  food  organisms  per  square 
foot  per  year. 

This  quantity  of  potential  fish  food  organisms  is  believed  to  be 
about  average  for  good  mountain  streams  in  this  area. 

The  bottom  fauna  of  Kennedy  Creek,  a  smaller  stream  nearby  in 
the  Big  Levels  Refuge,  and  Spy  Creek,  a  tributary  of  St.  Mary’s  River, 
were  studied  during  the  same  period  in  1935,  1936,  and  1937.  Kennedy 
Creek  had  an  average  wet  weight  of  1.75  grams  during  this  period 
while  Spy  Creek,  also  a  small  stream,  averaged  1.80  grams  per  square 
foot  during  1935-1926  as  compared  to  the  average  of  1.07  grams  per 
square  foot  in  the  St.  Mary’s  River  during  the  same  period. 

The  data  in  Table  II  indicate  that  bottom  animals  are  least 
abundant  during  late  spring  and  early  summer  at  the  time  when  insect 
emergence  is  at  its  height.  Bottom  animals  are  most  abundant  during 
August,  September,  and  October.  Thus,  plantings  of  fingerling  trout, 
if  made  during  the  latter  three  months,  are  likely  to  find  stream  conditions 
at  their  best  with  respect  to  bottom  foods. 

Severe  floods  often  occur  during  the  spring  period  as  they  did  on 
March  13,  1926  and  again  on  April  26,  1937,  when  record  or  near 
record  floods  occurred.  Their  effect  on  abundance  of  stream  animals  is 
highly  destructive,  but  considerable  recovery  usually  is  noted  within 
one  to  three  months’  time. 

Caddis  larvae  belonging  to  the  Hydropsychidae,  Cheamatopsyche 
and  Hydropsyche,  with  brown  or  bright  green  bodies,  were  always 
present  in  considerable  numbers  in  all  bottom  samples.  The  small  caddis 
larvae  of  Dolophilodes  distinctus  Walker,  with  white  bodies  and  bright 
yellow  heads,  were  usually  present.  The  larger  Rhyacophila  fuscula 
Walker,  and  Rhyacophila  torva  Hagen  were  quite  common  but  did  not 
occur  in  all  samples.  In  sampling  St.  Mary’s  River  during  a  DDT 
project  during  1947,  Hoffmann  and  Merkel  (1948)  found  the  genus 
Cheumatopsyche  to  predominate  over  Hydropsyche  in  their  samples. 
They  list  Hydropsyche  (near  slossonae  Banks)  and  the  small  pink¬ 
bodied  Psychomyiidae. 

The  small  turtle-shell-like  cases  of  coarse  sand  grains  containing 
the  larvae  of  the  caddis  fly  Goer  a  calcar  ata  Banks  often  occur  over 
the  rocks  and  boulders  in  abundance  as  does  Brachycentrus  and  other 
caddis  larvae.  These  are  not  readily  removed  from  stones  and  are 
undoubtedly  more  abundant  than  the  samples  indicate. 

The  mayflies  play  an  important  part  in  the  ecology  of  all  of  these 


36 

i 


nber  of  sa9 
al  number  D 
;rage  numb) 
;rage  wet  vtj 
;rage  dry  w) 
? ochaeta  (t[ 
stacea  (era 
ambarus  -5 
diopter  a  (c 
heumatopsjj) 
olophilodesj 
hyacophila , 
hyaccphila ) 
rachycentri 
[iscellaneou» 
zoptera  (st< 
euctra,  Aik 
eltoperla  -j. 
erla  and  Af 
teronarcys  ; 
emoura  ...  | 
[iscellaneou 
mata  (drag’ 

.eschna  . 

anthus  . 

[iscellaneou! 
lemerida  (d 
tenonema 
jaetis  and  I 
araleptcphL 

■on  . 

phemerella 
onychia  ...j 
’.iscellaneou: 
ropier  a  (fi: 
igronia  ... 
iiscellaneouj 
poptera  (be 
arnid  adult 
arnid  larva' 
sephenus  .. 
'iscellaneou! 
itera  (fly  lar 

therix  . 

'iironomida( 

riocera  . 

iimulium  .. 

ntocha  . 

iscellaneou! 
£ ebrates : 
alamanders 
dellaneous 


Dec. 

17, 

!  1936 

April 

1, 

1937 

May 

8, 

1937 

June 

3, 

1937 

July 

13, 

1937 

Aug. 

24, 

1937 

16 

18 

19 

20 

20 

20 

886 

1,440 

763 

680 

2,362 

2,887 

55.40 

80.00 

44.88 

34.00 

118.10 

144.35 

1.05 

1.06 

0.68 

0.58 

1.42 

1.58 

0.23 

- 

- 

_ 

_ 

_ 

0.38 

1.10 

0.30 

0.10 

0.65 

0.95 

0.19 

0.17 

0.20 

0.45 

0.55 

0.55 

9.25 

8.50 

2.70 

2.45 

2.34 

30.65 

1.06 

0.50 

0.20 

0.70 

6.90 

5.70 

0.13 

0.40 

0.16 

0.45 

0.05 

_ 

0.75 

0.75 

0.40 

0.20 

0.40 

0.05 

1.75 

0.60 

0.20 

0.20 

- 

0.35 

0.50 

0.80 

0.70 

0.30 

1.40 

2.60 

5.94 

3.90 

3.90 

1.15 

21.40 

14.35 

0.38 

0.80 

0.36 

0.10 

7.85 

4.60 

1.25 

3.20 

1.60 

1.60 

4.35 

6.95 

0.31 

0.10 

- 

0.15 

0.20 

0.15 

0.20 

0.26 

0.05 

_ 

_ 

3.31 

0.10 

0.31 

- 

0.80 

- 

0.13 

- 

0.05 

- 

0.15 

- 

0.13 

- 

0.05 

- 

0.05 

0.20 

10.44 

8.20 

3.40 

1.50 

3.30 

11.75 

_ 

2.10 

1.40 

2.85 

17.30 

8.25 

9  50 

6.70 

4.80 

5.15 

4.65 

4.55 

2.06 

17.40 

5.70 

3.10 

3.00 

0.85 

1.81 

6.30 

2.80 

1.60 

1.60 

1.60 

0.13 

0.10 

- 

- 

_ 

0.45 

- 

1.10 

- 

0.20 

0.05 

0.05 

1.58 

0.10 

0.60 

0.60 

1.90 

2.75 

0.13 

- 

- 

- 

- 

- 

0.05 

_ 

0.20 

0.45 

- 

0.30 

- 

0.15 

0.20 

0.10 

- 

- 

0.10 

0.10 

0.05 

0.05 

- 

- 

0.05 

- 

0.05 

- 

2.31 

1.10 

0.70 

1.25 

1.20 

3.30 

0.75 

2.80 

4.80 

3.30 

12.00 

40.25 

0.38 

1.10 

0.60 

0.70 

1.10 

0.90 

0.31 

10.40 

- 

1.05 

2.50 

0.35 

0.06 

0.90 

0.50 

0.15 

0.20 

0.20 

0.06 

0.40 

0.16 

0.15 

0.05 

0.40 

0.38 

- 

0.10 

0.10 

0.10 

0.20 

0.06 

- 

0.20 

0.10 

0.20 

0.80 

jjj_B0ttom  fauna  of  the  St.  Mary’s  River  (riffles  only).  Average  number  of  organisms  per  square  foot. 


'ABLE 


dumber  of  samples  . . 

iotal  number  of  animals  . 

Average  number  per  sample  . 

Average  wet  weight  per  sample 

Average  dry  weight  per  sample  . 

(ligochaefa  (tube  worms)  . 

Crustacea  (crayfish): 

Cambarus  . 

Jrichoptera  (caddis  fly  larvae)  . 

Cheumatopsyche  &  Hydropsyche 

Dolophilcdes  . 

Rhyacophila  fuscula  . 

Rhyaccphila  tcrva  . 

Brachycentrus  . 

Miscellaneous  . 

Hecoptera  (stonefly  nymphs) 

Leuctra,  Alloperla,  etc . 

Peltoperla  . 

Perla  and  Acroneuria  . 

Pteronarcys  . 

Nemoura  . 

Miscellaneous  . 

Sonata  (dragonfly  iymphs) 

Aeschna  . 

Lanthus  . 

Miscellaneous  . 

phemerida  (mayfly  nymphs) 

Stenonema  . 

Baetis  and  Pseudocloeon  . 

Paraleptcphlebia  . 

Iron  . 

Ephemerella  . 

Isonychia  . 

Miscellaneous 
VniToptera  (fish-flies) 

%ronia  . 

Miscellaneous 
'^eoptera  (beetles) 

Parnid  adults  . 

Parnid  larvae  . 

Psephenus 
Miscellaneous 
Kl™  (Ay  larvae) 

Atherix  . 

Phironomidae 

“iccera  . 

Simulium  . 

ji'.oeha  . . . 

Miscellaneous 
grates: 
ipAiamanders 
‘-‘•Uaneous  organisms: 


Aug. 

27, 

1935 

Sept. 

26, 

1935 

Oct. 

28, 

1935 

Nov. 

26, 

1935 

Jan. 

7, 

1936 

April 

18, 

1936 

May 

15, 

1936 

June 

17, 

1936 

July 

14, 

1936 

20 

20 

20 

13 

18 

16 

15 

20 

18 

....  2,044 

2,212 

2,224 

1,310 

1,545 

1,049 

481 

1,120 

924 

....  102.20 

110.70 

110.20 

100.80 

86.00 

66.00- 

32.10 

56.00 

51.33 

1.00 

1.15 

1.14 

0.86 

0.82 

1.08 

0.42 

1.65 

1.18 

0.21 

0.25 

0.24 

0.17 

0.16 

0.23 

0.10 

0.41 

0.42 

....  0.80 

2.15 

1.85 

1.69 

0.67 

0.27 

0.30 

0.50 

0.50 

....  1.05 

- 

0.03 

0.23 

0.17 

0.31 

0.53 

0.70 

0.56 

42.60 

50.00 

38.10 

29.31 

18.28 

13.94 

8.13 

6.85 

26.17 

1.05 

6.40 

14.70 

'  1.23 

0.33 

0.94 

0.47 

5.60 

2.50 

0.05 

0.35 

0.90 

0.15 

0.50 

0.31 

- 

0.85 

0.44 

0.20 

0.40 

1.75 

1.23 

0.44 

1.19 

0.27 

0.40 

0.39 

- 

- 

1.45 

2.31 

1.61 

- 

0.07 

0.05 

- 

....  5.75 

1.60 

0.15 

0.53 

1.69 

0.31 

0.82 

1.85 

1.66 

...  12.80 

2.10 

1.50 

2.23 

1.78 

2.25 

1.13 

1.45 

1.33 

...  0.90 

5.30 

1.80 

3.15 

1.06 

2.56 

0.53 

0.70 

- 

...  1.95 

3  80 

2.35 

3.69 

2.39 

2.69 

0.53 

2.15 

2.33 

...  0.10 

0.30 

0.20 

_ 

0.06 

- 

- 

0.45 

0.17 

- 

- 

- 

_ 

_ 

2.31 

0.20 

0.55 

_ 

...  0.05 

0.10 

2.75 

2.20 

3.17 

0.19 

0.33 

0.10 

- 

. 

_ 

_ 

0.06 

0.07 

. 

0.44 

Z  0.05 

- 

_ 

_ 

_ 

- 

- 

0.05 

0.11 

...  0.30 

0.20 

0.35 

0.08 

- 

0.06 

0.07 

0.05 

...  11.65 

16.75 

13.30 

20.92 

10.44 

4.75 

3.53 

2.85 

2.17 

...  6.55 

8.60 

1.00 

0.31 

1.50 

0.75 

1.47 

3.00 

3.00 

•  •  0.55 

0.50 

17.20 

7.62 

9.17 

1  31 

2.00 

1.95 

0.78 

■  2.85 

2.35 

3.30 

10.08 

20.28 

15.69 

2.87 

7.50 

1.39 

-  0.65 

0.55 

3.20 

5.92 

4.78 

10.00 

2.87 

6.95 

0.50 

1.40 

_ 

1.05 

0.08 

_ 

- 

0.20 

0.10 

. 

... 

2.35 

0.30 

- 

- 

- 

1.53 

- 

- 

-  1.15 

0.20 

0.30 

0.31 

1.67 

0.25 

0.13 

0.53 

0.17 

0.05 

- 

- 

- 

- 

- 

- 

- 

- 

0.80 

0.15 

0.05 

_ 

0.06 

_ 

_ 

0.10 

0.06 

0.40 

0.15 

0.55 

0.23 

_ 

0.13 

_ 

0.05 

_ 

0.30 

0.05 

_ 

_ 

_ 

- 

0.13 

0.05 

_ 

-  0.05 

- 

0.05 

0.08 

0.11 

- 

- 

- 

- 

-  1.30 

0.75 

0.45 

0.23 

1.22 

0.25 

0.13 

0.50 

0.94 

...  5.55 

5.80 

1.50 

5.23 

3.06 

0.69 

3.27 

5.75 

3.28 

...  0.80 

0.65 

0.90 

0.31 

0.56 

0.63 

0.40 

0.50 

0.22 

...  0.15 

0.45 

0.25 

_ 

0.17 

2.94 

0.13 

1.45 

1.89 

...  0.80 

0.50 

0.65 

0.15 

- 

0.19 

_ 

0.25 

0.06 

- 

0.20 

0.15 

0.06 

0.13 

- 

0.35 

0.17 

0.20 

0.20 

0.54 

0.39 

0.25 

0.20 

0.20 

0.06 

...  0.10 

0.25 

- 

- 

- 

0.13 

- 

0.05 

0.06 

Aug. 

14, 

1936 


20 

1,351 

67.55 

1.96 

0.48 

0.05 

1.20 

29.00 

1.30 

0.35 

0.20 

2.90 

1.20 

0.10 

2.75 

0.60 

0.25 

0.60 

0.10 


6.05 

2.65 

0.35 

5.20 

2.05 

0.25 

0.10 

1.10 


0.10 


7.30 

0.50 

0.65 

0.01 

0.10 

0.15 

0.20 

0.20 


Sept: 

16, 

1936 

Oct. 

16, 

1936 

Nov. 

17, 

1936 

Dec. 

17, 

1936 

April 

1937 

May 

8, 

1937 

June 

3, 

1937 

July 

13, 

1937 

Aug. 

24, 

1937 

19 

19 

19 

16 

18 

19 

20 

20 

20 

2.470 

1,986 

1,810 

886 

1,440 

763 

680 

2,362 

2,887 

130.00 

104.50 

95.30 

55.40 

80.00 

44.88 

34.00 

118.10 

144.35 

1.28 

1.26 

0.65 

1.05 

1.06 

0.68 

0.58 

1.42 

1.58 

3.20 

0.30 

0.15 

0.23 

- 

_ 

_ 

_ 

0.16 

.  0.75 

0.11 

0.38 

1.10 

0.30 

0.10 

0.65 

0.95 

0.52 

0.37 

0.16 

0.19 

0.17 

0.20 

0.45 

0.55 

0.55 

50.05 

28.11 

17.79 

9.25 

8.50 

2.70 

2.45 

2.34 

30.65 

4.00 

1.99 

4.26 

1.06 

0.50 

0.20 

0.70 

6.90 

5.70 

_ 

0.11 

0  95 

0.13 

0.40 

0.16 

0.45 

0.05 

_ 

0.47 

1.95 

0.89 

0.75 

0.75 

0.40 

0.20 

0.40 

0.05 

_ 

0.11 

1.21 

1.75 

0.60 

0.20 

0.20 

- 

0.35 

1.00 

0.32 

0.32 

0.50 

0.80 

0.70 

0.30 

1.40 

2.60 

2.53 

14.28 

8.58 

5.94 

3.90 

3.90 

1.15 

21.40 

14.35 

5.26 

2.58 

0.84 

0.38 

0.80 

0.36 

0.10 

7.85 

4.60 

4.05 

4.53 

3  37 

1.25 

3.20 

1.60 

1.60 

4.35 

6.95 

0.42 

0.16 

0.16 

0.31 

0.10 

- 

0.15 

0.20 

0.15 

_ 

_ 

0.05 

0.20 

0.26 

0.05 

- 

_ 

- 

5.53 

0.63 

3.31 

0.10 

0.31 

- 

0.80 

0.21 

0.11 

. 

0.13 

- 

0.05 

- 

0.15 

_ 

0.05 

0.05 

_ 

_ 

- 

- 

- 

- 

- 

- 

- 

0.05 

0.13 

0.05 

- 

0.05 

0.20 

33.68 

20  *3 

19  94 

10.44 

8.20 

3.40 

1.50 

3.30 

11.75 

5.26 

1.79 

0.58 

_ 

2.10 

1.40 

2.85 

17.30 

8.25 

3.15 

17.84 

19.47 

9  50 

6.70 

4.80 

5.15 

4.65 

4.55 

2.37 

0.58 

10.89 

2.06 

17.40 

5.70 

3.10 

3.00 

0.85 

0.52 

0.05 

3.32 

1.81 

6.30 

2.80 

1.60 

1.60 

1.60 

0.47 

0.16 

0.21 

0.13 

0.10 

- 

. 

. 

0.45 

- 

- 

- 

- 

1.10 

- 

0.20 

0.05 

0.05 

1.11 

0.68 

0.42 

1.58 

0.10 

0.60 

0.60 

1.90 

2.75 

- 

- 

- 

0.13 

- 

- 

- 

- 

- 

0.84 

0.11 

0.05 

_ 

0.05 

_ 

. 

0.20 

0.45 

0.11 

0.42 

0.21 

- 

0.30 

_ 

0.15 

0.20 

0.10 

0.05 

0.16 

- 

- 

- 

0.10 

0.10 

0.05 

0.05 

- 

- 

- 

- 

- 

0.05 

- 

0.05 

- 

10.74 

3.26 

4.47 

2.31 

1.10 

0.70 

1.25 

1.20 

3.30 

0.89 

0.68 

0.52 

0.75 

2.80 

4.80 

3.30 

12.00 

40.25 

0.95 

1.52 

1.52 

0.38 

1.10 

0.60 

0.70 

1.10 

0.90 

0.52 

0.05 

0.26 

0.31 

10.40 

_ 

1.05 

2.50 

0.35 

0.05 

0.68 

0.63 

0.06 

0.90 

0.50 

0.15 

0.20 

0.20 

- 

0.11 

0.06 

0.40 

0.16 

0.15 

0.05 

0.40 

0.05 

0.37  . 

0.37 

0.38 

_ 

0.10 

0.10 

0.10 

0.20 

0.11 

0.16 

0.06 

0.20 

0.10 

0.20 

0.80 

19511 


Bottom  Fauna  in  St.  Mary’s  River 


197 


mountain  streams.  The  forms  with  much  flattened  heads  and  bodies, 
often  large  in  size,,  move  swiftly  as  one  lifts  stones  from  the  ’water. 
The  reddish-legged  nymphs  of  Stenonema  f  us  cum  Clemens  are  abundant 
and  Stenonema  varium  Traver,  and  Stenonema  pulchellum Walsh  are 
common.  Stenonema  heterotarsale  McDunnough  occurs  in  small  and 
unimportant  numbers.  The  mayfly  nymphs  of  Paraleptophlebia  guttata 
McDunnough  and  Paraleptophlebia  mollis  Eaton  are  nearly  always 
present  in  bottom  samples  from  St.  Mary’s  River,  regardless  of  stream 
velocities. 

Among  the  common  species  of  mayflies  in  the  stream  are  Ephem- 
erella  subvaria  McDunnough  and  the  swift-moving  Is  onychia  sadleri 
Traver.  Species  of  Baetis  and  Pseudocloeon  also  have  been  recorded. 
Hoffman  and  Merkel  (1948)  recorded  Baetis  cingulatus  McDunnough 
and  Pseudocloeon  Carolina  Banks  in  relatively  small  numbers. 

A  few  stonefly  nymphs  are  always  present  in  St.  Mary’s  River 
samples.  Among  the  most  conspicuous,  largest  and  most  active  of 
these  are  the  carnivorous  Acroneuria  abnormis  Newman  and  Acroneuria 
lycorias  Newman.  The  large  Pteronarcys  proieus  nymphs  are  found 
in  riffle  samples  containing  decaying  leaves.  These  samples  also  contain 
many  of  the  small  reddish  brown  roach-like  stonefly  nymphs  of  Peltoperla 
arcuata  Needham  which  feed  on  plant  debris.  Among  the  smaller,  swift 
running,  not  so  numerous  but  conspicuous  stonefly  nymphs  are  the 
brilliant  Neophasganophora  capitata  Pictet  and  Isoperla  bilineaia  Say. 
Of  lesser  importance  among  the  larger  nymphs  are  such  species  as 
Acroneuria  depressa  Needham  and  Claasen  and  Perla  hastata  Banks. 
The  stonefly  nymphs  of  Isoperla  similis  Hagen  are  relatively  uncommon. 

Small  stonefly  nymphs  of  Leuctra,  Alloperla,  Capnia,  etc.,  were 
common  in  the  bottom  samples,  but  rearing  will  probably  be  required 
before  they  can  be  identified  to  species. 

The  larvae  of  the  fish-flv  Nigronia  serricornis  Say,  although  un¬ 
important  numerically  when  compared  with  the  abundance  of  the 
organisms  listed  above,  are  found  in  the  majority  of  samples,  and 
their  relatively  large  bulk  makes  them  one  of  the  most  important  animals. 
The  crayfish  Cambarus  b.  bartoni  (Fabricius)  are  less  numerous  than 
Nigronia  but  are  still  larger  in  size  and  are  very  important  trout  food 
organisms. 

In  1938,  surface  current  velocities  were  determined  at  the  various 
points  where  bottom  samples  were  ordinarily  taken  to  determine,  if 
possible,  the  effect  which  various  current  velocities  had  on  the  abundance 
and  distribution  of  the  bottom  organisms.  In  making  these  surface 
current  velocity  measurements,  a  round  cork  of  the  type  generally  used 
by  bass  fishermen  in  this  region  was  timed  by  a  stop  watch  as  it  passed 
over  a  known  distance.  A  variable  distance  was  employed  through 
which  to  float  the  cork,  since  it  was  impossible  to  use  a  standard  distance, 
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particularly  in  fast  water. 

Table  IV  shows  the  results  of  these  surface  velocity  determinations 
for  57  samples  which  are  compiled  with  respect  to  average  wet  weights 
of  bottom  animals  for  each  of  the  six  surface  velocity  groups. 

In  the  tabulations  showing  abundance  of  various  genera  at  different 
velocities,  Chironomidae  larvae  were  omitted,  although  they  were  very 
likely  present  upon  the  stones  in  each  sample.  The  mode  of  existence 
of  the  tendipedid  species,  usually  in  silk  tubes  on  the  surfaces  of  stones, 
makes  accurate  determinations  of  their  abundance,  impossible  because 
they  dwell  in  the  crevices  and  depressions  from  which  they  are  not 
easily  dislodged.  They  are,  none  the  less,  among  the  most  important 
bottom  fauna  of  the  stream  and  very  likely  are  important  food  organisms 
for  small  fish.  Their  wet  weight  per  square  foot  in  riffle  samples  is 
usually  insconsequential. 

Table  IV. — Frequencies  of  occurrence  of  certain  surface  velocities  and 
average  number  and  wet  weight  of  bottom  animals  in  60  bottom 
samples  collected  during  1938,  St.  Mary’s  River,  Virginia. 

Average  number 

of  bottom  Average  wet 

Velocity  in  feet  Number  of  animals  per  weight  grams 

per  second  bottom  samples  square  foot  per  square  foot 


0.50 

-  0.99 

2 

99.00 

3.33 

1.00 

-  1.49 

14 

147.86 

1.31 

1.50 

-  1.99 

19 

115.47 

1.01 

2.00 

-  2.49 

14 

152.21 

1.23 

2.50 

-  2.99 

7 

124.71 

1.55 

3.00 

-  3.49 

-  4 

339.25 

3.16 

These  data  indicate  that  most  of  the  samples  were  collected  at 
surface  velocities  of  1.00-2.5  feet  per  second  and  that  the  largest  num¬ 
ber  of  samples  was  taken  at  1.5  -  1.99  feet  per  second.  The  collections 
were  not  sufficient  to  indicate  definitely  the  effects  of  different  velocities 
on  the  abundance  of  bottom  animals  at  the  various  velocities.  In  the 
0.50  -  0.99  group,  only  two  samples  were  obtained.  One  of  these  con¬ 
tained  a  large  crayfish  which  brought  the  average  wet  weight  much 
above  the  average  wet  weight  of  succeeding  groups  which  had  larger 
numbers  of  samples.  Between  velocities  of  1.00  -  2.50  feet  per  second, 
the  average  weight  and  abundance  of  bottom  organisms  remain  about 
the  same.  In  the  four  samples  with  velocities  of  3.00  -  3.49  feet  per 
second,  both  the  numbers  and  weight  of  organisms  increase  decidedly. 
In  these  samples,  the  net  spinning  caddis  larvae  of  the  family  Hydro- 
psychidae  alone,  averaged  198  per  square  foot. 

Table  V  lists  the  principal  genera  of  bottom  animals  in  St.  Mary’s 
River  for  different  surface  velocities  of  the  stream.  These  data  show, 


Table  V. — Abundance  of  several  genera  of  aquatic  organisms  at  different  velocities,  St.  Mary’s  River,  Virginia,  1938. 


Number  of  samples 

Velocity  Feet 
per  second 

Crayfish  : 
Cambarus 

Fish-fly  larvae 
Nigronia 

Iron 

Baetis 

Mayfly  nymphs 

Ephemerella  Paraleptophlebia  Stenonema 

2 

Total  number  . 

0.50-0.99 

2 

0 

j 

7 

2 

18 

11 

Average  number  per  sample  . 

1 

0 

0.50 

0.35 

1.00 

9.00 

5.50 

Frequency  . 

1 

0 

1 

1 

1 

2 

2 

Percent  . 

50.00 

0 

100.00 

50.00 

50.00 

100.00 

100.00 

14 

Total  number  . 

1.00-1.49 

9 

37 

10 

97 

18 

305 

157 

Average  number  per  sample  . 

0.64 

2.64 

0.71 

6.93 

1.29 

21.79 

11.21 

Frequency  . 

6 

12 

3 

11 

7 

14 

13 

Percent  . 

42.86 

85.72 

21.43 

78.57 

50.00 

100.00 

86.67 

19 

Total  number  . 

1.50-1.99 

7 

20 

22 

82 

62 

334 

193 

Average  number  per  sample  . 

0.37 

1.05 

1.16 

4.32 

3.26 

17.58 

10.16 

Frequency  . 

4 

10 

8 

12 

12 

19 

18 

Percent  . 

21.05 

i  52.63 

42.11 

63.16 

63.16 

100.00 

94.74 

14 

Total  number  . 

2.00-2.49 

6 

32 

39 

108 

69 

326 

90 

Average  number  per  sample  . 

0.43 

2.29 

2.79 

7.71 

4.93 

46.57 

6.43 

Frequency  . 

6 

12 

6 

13 

10 

14 

14 

Percent  . 

42.86 

85.72 

42.86 

21.43 

71.43 

100,00 

100.00 

7 

Total  number  . 

2.50-2.99 

2 

18 

8 

30 

9 

93 

14 

Average  number  per  sample  . 

0.29 

2.57 

1.14 

4.29 

1.29 

13.29 

2.00 

Frequency  . 

1 

6 

3 

6 

4 

7 

4 

Percent  . 

14.29 

85.71 

42.86 

85.71 

57.14 

100.00 

57.14 

4 

Total  number  . . 

3.00-3.49 

1 

4 

30 

33 

7 

96 

47 

Average  number  per  sample  . 

0.25 

1.00 

7.50 

8.25 

1.75 

24.00 

11.75 

Frequency  . 

1 

1 

4 

2 

3 

4 

4 

Percent  . 

25.00 

25.00 

100.00 

50.00 

75.00 

100.00 

100.00 

Table  V.  (continued) 


Stonefly  nymphs 

Caddis  fly 

larvae 

Fly 

larvae 

Number  of  samples  Perla 

and 

Acronueria 

Leuctra 

Alloperla 

Cheumatopsyche 

and 

Hydropsyche 

1 

Rhyacophila 

Dolophilodes 

Hexatoma 

Atherix 

Antocha 

2 

Total  number  . 

....  2 

8 

49 

27 

0 

7 

4 

2 

2 

Average  number  per  sample 

1.00 

4.00 

24.50 

13.50 

0 

3.50 

2.00 

1.00 

1.00 

Frequency  . 

...  1 

1 

2 

2 

0 

2 

2 

1 

1 

Percent  . 

14 

...  50.00 

50.00 

100.00 

100.00 

0 

100.00 

100.00 

50.00 

50.00 

Total  number  . 

...  34 

55 

147 

843 

5 

24 

13 

10 

24 

Average  number  per  sample 

..  2.43 

3.93 

10.50 

60.21 

0.36 

1.71 

0.93 

.71 

1.71 

Frequency  . 

...  7 

11 

10 

12 

3 

10 

6 

5 

10 

Percent  . 

19 

..  50.00 

78.57 

71.43 

85.72 

21.43 

71.43 

42.86 

35.71 

71.43 

Total  number  . 

...  39 

20 

126 

754 

8 

64 

39 

13 

60 

Average  number  per  sample 

..  2.05 

1.05 

6.63 

39.68 

0.42 

3.37 

2.05 

0.68 

3.16 

Frequency  . 

...  15 

8 

16 

19 

6 

14 

11 

9 

14 

Percent  . 

14 

...  78.95 

42.11 

84.21 

100.00 

31.58 

73.69 

57.89 

47.37 

73.69 

Total  number  . 

...  74 

52 

131 

756 

6 

60 

24 

26 

55  j 

Average  number  per  sample 

..  5.29 

3.71 

9.36 

54.00 

0.43 

4.23 

1.71 

1.86 

3.93 

Frequency  . 

..  12 

11 

10 

3 

12 

10 

7 

10 

Percent  . 

7 

..  85.72 

78.57 

71.43 

13  ^ 

21.43 

85.72 

71.43 

50.00 

•71.43 

Total  number  . 

...  14 

45 

27 

339 

0 

76 

10 

7 

23 

Average  number  per  sample 

..  2.00 

6.43 

3.86 

48.43 

0 

10.86 

1.43 

1.00 

3.29 

Frequency  . 

..  4 

4 

5 

7 

0 

6 

5 

4 

5 

Percent  . 

4 

..  57.14 

57.14  . 

71.43 

100.00 

0 

85.71 

71.43 

57.14 

71.43 

Total  number  . 

..  38 

36 

33 

791 

2 

131 

9 

4 

11 

Average  number  per  sample 

..  9.50 

9.00 

8.25 

197.75 

0.50 

32.75 

2.25 

1.00 

2.75 

Frequency  . 

..  4 

4 

3 

4 

2 

4 

4 

4 

3 

Percent  . 

..  100.00 

100.00 

75-00 

100.00 

50.00 

100.00 

100.00 

100.00 

75.00 

1951 ] 


Bottom  Fauna  in  St.  Mary’s  River 


199 


for  1938,  that  besides  Hydropsychidae,  the  mayfly  nymphs  of  Para- 
leptophlebia  were  present  in  every  sample  regardless  of  velocity,  but 
as  might  be  expected;  they  were  most  abundant  at  velocities  of  2.00  - 
2.49  feet  per  second.  It  is  almost  impossible;  however;  to  determine 
accurately  velocities  in  the  actual  habitats  of  the  animals  among  the 
stones. 

The  bottom  fauna  data  for  St.  Mary’s  River  presented  in  this 
report  were  loaned  for  a  student  problem  to  Mr.  S.  Lee  Crump,  Labora¬ 
tory  of  Limnology  and  Fisheries  of  Cornell  University,  Ithaca,  New 
York,  to  determine  statistically  whether  the  weight  of  organisms  could 
be  estimated  from  the  number  of  organisms  in  the  sample;  whether  wet 
weight,  determined  after  draining  the  organisms  for  one  minute  on 
blotting  paper  was  a  more  efficient  means  of  expressing  weight  of 
organisms  than  dry  weight  determined  by  drying  the  organisms,  until 
thoroughly  dry  in  an  oven  at  60° C.,  and  whether  an  analysis  of  variance 
would  show  that  the  diff  erences  between  the  amounts  of  bottom  animals 
in  different  months  were  real  differences. 

He  found  (1)  that  weight  of  organisms  could  not  be  estimated 
from  the  number  of  organisms,  probably  because  certain  large  forms 
caused  a  higher  weight  disproportionate  to  the  number  of  organisms ; 

(2)  that  wet  weight  and  dry  weight  are  about  equally  efficient  from  the 
standpoint  of  variability;  (3)  that  it  would  be  possible  to  estimate  one 
weight  measurement  from  the  other,  if  the  proper  factor  was  calculated; 
(4)  that  there  were  significant  differences  between  the  amounts  of 
bottom  animals  in  different  months. 

NOTES  ON  THE  FOOD  OF  TROUT  IN  ST.  MARY’S  RIVER 

Stomachs  of  37  brook  trout  and  14  rainbow  trout  were  taken  from 
anglers’  catches  in  St.  Mary’s  River  during  the  open  season,  May  15 
to  June  15,  1936,  for  examination.  Of  particular  interest  were  (1)  the 
numerical  predominance  of  terrestrial  over  aquatic  food  animals,  (2) 
the  evident  importance  of  crayfish  (even  of  good-size)  as  food  for 
small  trout,  (3)  the  presence  of  considerable  quantities  of  filamentous 
algae  in  five  of  fourteen  rainbow  trout  although  algae  were  absent 
from  all  the  brook  trout,  (4)  the  greater  preference  of  the  rainbow 
trout,  as  compared  with  the  brook,  for  aquatic  forms  and  (5)  the 
presence  of  nematode  parasites  in  nearly  all  of  the  stomachs.  The 
latter  may  have  originally  been  in  the  bodies  of  terrestrial  insects 
consumed  by  the  fish. 

Of  the  37  brook  trout  stomachs,  approximately  46  per  cent  con¬ 
tained  crayfish,  41  per  cent  contained  caddis  flies  (all  stages),  38  per 
cent  contained  stoneflies  (all  stages),  22  per  cent  contained  mayflies 
(all  stages)  and  11  per  cent  contained  fish.  Not  more  than  8  per  cent 

(3)  contained  recognizable  remains  of  other  types  of  aquatic  food 
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animals  not  listed  above.  Among  terrestrial  animals,  beetles  were  found 
in  86.5  per  cent,  flies  in  65  per  cent,  ants,  bees,  etc.,  iii  65  per  cent, 
spiders  in  27  per  cent,  grasshoppers  and  crickets  in  11  per  cent  and 
moths  or  butterflies  in  1 1  per  cent.  Nematode  parasites  were  found  in 

97.3  per  cent  of  the  brook  trout  with  an  average  of  21.3  per  fish. 

Of  the  14  stomachs  of  rainbow  trout,  79  per  cent  contained  stone- 
flies,  57  per  cent  contained  caddis  flies,  50  per  cent  contained  aquatic 
flies,  midges,  etc.  (all  stages),  36  per  cent  contained  fish  and  36  per 
cent  contained  algae.  Terrestrial  beetles  were  found  in  86  per  cent, 
terrestrial  flies  in  43  per  cent  and  ants,  bees,  etc.  in  29  per  cent. 
Nematodes  were  found  in  only  92.9  per  cent  but  were  relatively  more 
numerous  (37.5  per  fish)  than  in  brook  trout. 

Metzelaar  (1929),  following  a  study  of  the  food  of  47  rainbow 
trout  in  Michigan,  observed  that  the  outstanding  feature  of  the  rainbow 
diet  was  the  15  per  cent  vegetation,  formed  largely  by  filamentous 
green  algae.  Surber  (1936)  found  algae  in  28  out  of  131  (21.3  per  cent) 
rainbow  trout  stomachs  collected  in  1934  from  fish  in  Big  Spring  Creek, 
Leesburg,  Virginia. 

Terrestrial  flies  constituted  62  per  cent  of  the  number  of  animals 
found  in  the  stomachs  of  brook  trout  (18  per  fish);  terrestrial  beetles 

16.4  per  cent  (4.8  per  fish);  ants,  bees,  etc.,  10.7  per  cent  (3.1  per 
fish);  and  spiders  1.1  per  cent  (0.3  per  fish).  Among  aquatic  animals, 
caddis  flies  were  most  numerous,  3.7  per  cent;  stoneflies  next,  2.2  per 
cent;  and  crayfish  a  close  third,  2.0  per  cent. 

The  food  of  the  rainbow  trout  examined  was  more  largely  aquatic. 
Terrestrial  flies  constituted  45.4  per  cent;  terrestrial  beetles,  16.9  per 
cent;  ants,  bees,  etc.,  3.4  per  cent;  aquatic  flies,  midges,  etc.,  8.2  per 
cent,  and  crayfish  2.4  per  cent. 

It  is  well  that  terrestrial  insects  make  such  a  large  contribution  to 
the  food  of  trout  at  a  time  when  emergence  of  insects  and  freshets,  or 
floods,  reduce  the  supply  of  truly  aquatic  organisms. 
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SUMMARY  AND  CONCLUSIONS 

1.  A  study  of  physical  conditions  shows  that  St.  Mary’s  River  within 
the  Big  Levels  Game  Management  Area  and  for  a  distance  of  at 
least  1  mile  below  the  area  boundary  is  suitable  for  brook  trout. 
The  maximum  temperature  during  a  year  of  continuous  observation 
was  68°F.  Shelter  and  pool  conditions  are  probably  better  than 
average  for  most  streams  of  the  George  Washington  National  Forest. 

2.  Chemical  analysis  revealed  that  the  St.  Mary’s  River  water  is  very 
soft  and  averaged  only  4.69  parts  per  million  of  methyl  orange 
alkalinity  in  terms  of  calcium  carbonate.  It  is  an  acid  stream  having 
an  average  pH  of  6.8. 

3.  A  study  of  temperature  conditions  showed  that  there  were  231 
days  in  a  year  during  which  temperatures  ranged  between  47°F.  and 
68 °F.  when  trout  grow  and  feed  well.  These  temperature  data  also 
demonstrated  that  trout  have  little  opportunity  in  which  to  grow  in 
the  spring  prior  to  usual  opening  of  the  Virginia  trout  season  about 
April  20. 

4.  Bottom  organisms  in  riffle  samples  averaged  1.07  grams  wet  weight 
(0.25  gram  dry)  per  square  foot  during  the  period  August,  1935 
to  August,  1937.  This  amount  of  bottom  fauna  production  probably 
represents  average  richness.  Two  of  the  smaller  trout  streams  in  the 
Dig  Levels  Game  Management  Area — Kennedy  Creek  and  Spy  Creek 
— were  also  investigated  at  the  same  time.  These  averaged  slightly 
higher:  1.75  and  1.80  grams  wet  weight  per  square  foot,  respectively. 
Much  the  same  organisms  occurred  in  the  three  streams.  The  data 
indicate  that  late  spring  and  early  summer  are  periods  when  bottom 
organisms  are  least  abundant.  Trout  planted  in  the  fall  or  early 
spring  would  find  bottom  foods  most  abundant.  The  severe  floods 
of  March,  1936  and  April,  1937  apparently  did  not  do  protracted 
damage  to  the  bottom  fauna,  although  stream  organisms  averaged 
fewer  in  number  during  the  period  immediately  following  each  flood. 

5.  The  food  found  in  the  stomachs  of  37  brook  trout  and  14  rainbow 
trout  taken  from  anglers’  catches  during  the  period  May  15  to  June 
15,  1936,  was  examined  microscopically.  These  examinations  showed 
(a)  a  numerical  predominance  of  terrestrial  over  aquatic  food  ani¬ 
mals,  (b)  that  crayfish  are  apparently  important  food  organisms, 
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(c)  that  rainbow  trout  eat  quantities  of  filamentous  algae,,  which 
brook  trout  do  not  eat,  (d)  that  rainbow  trout  seem  to  have  a  greater 
preference  for  aquatic  forms  of  food  than  brooks,  and  (e)  that 
nematode  parasites  were  abundant  in  all  trout  stomachs  in  the 
collection. 
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Pseudoconics 

D.  S.  Davis 

Virginia  Polytechnic  Institute 

A  construction  that  permits  the  hyperbola.,  parabola,  and  ellipse 
to  be  derived  from  a  circle  can  be  altered  slightly  so  that  new  curves  that 
are  not  conic  sections  result.  Equations  of  such  pseudoconics,  sub¬ 
stantiated  by  analytical  proofs,  are  presented. 

CONICS 

In  a  previous  paper  the  author  (1950)  showed  that  the  hyperbola, 
parabola,  and  ellipse  could  be  derived  from  the  circle  by  simple  variations 
of  a  general  method  of  construction.  In  accordance  with  this  method, 
draw  a  circle  (Figure  1)  of  center  C  and  at  any  point  O  on  a  diameter 
with  extremities  A  and  N  erect  a  perpendicular  to  AN.  Connect  O  with 
any  point  M  on  the  circumference  and  draw  MS  parallel  to  AN.  The 
locus  of  P,  the  intersection  of  OM  and  SN,  is 

(1)  an  hyperbola  when  O  lies  between  the  center  C  and  N 

(2)  a  parabola  when  O  and  C  coincide,  as  in  Figure  1,  and 

(3)  an  ellipse  when  O  lies  between  A  and  C. 
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PSEUDOCONICS 

When  O  does  not  lie  on  the  diameter  AN,  new  and  interesting 
curves  result  from  a  construction  otherwise  identical  to  that  of  the  general 
method  just  described.  In  accordance  with  this  procedure,  draw  a  circle 
(Figures  2,  3,  4,  and  5)  of  center  C  and  radius  a  and  draw  a  diameter 
AN.  From  any  point  O  not  on  AN  draw  a  perpendicular  to  AN  at  T. 
Connect  O  with  any  point  M  on  the  circumference  and  draw  MS  parallel 
to  AN.  Draw  OM  and  NS,  which  intersect  at  P,  producing  these  lines 
if  necessary.  Then  study  the  locus  of  P. 

La  Tosca,  Figure  2 


When  O  lies  on  a  line  perpendicular  to  AN  at  the  center  C  and 
at  a  distance  of  ay/2  from  C,  the  locus  of  P  becomes  the  curve  desig¬ 
nated  as  La  Tosca. 

For  the  triangle  COM,  let  /  COM  =  0.  Then 

(Oivi)2  +  (OC y  -  2 (OM)  (OC)jcos  0  =  (CM)2, 
which,  on  substitution  of  R  for  OM  and  ay/2  for  OC,  becomes 
R2  +  2a2  -  2Ray/2  cos  0  —  a2  or 
R2  -  2Ray/2  cos  6  +  a2  =  0, 

the  equation  of  the  circle  in  polar  coordinates  of  origin  O.  Solving  for 


MP 


from  which  MP  =  QtS)  (PQ> 


QN 

a  =  a  y/2  tan  0  + 


R,  R  =  a  (y/2  cos  6  ±  yj2  cos2#  -  1) 

OP  =  OM  +  MP,  which  becomes  r  =  R  + 
when  OP  is  replaced  by  r. 

In  the  similar  triangles  PMS  and  PQN 
MP  _  MS 
QP  ~  QN 

MS  —  R  sin  6 
QN  =  QC  +  CN_=  OC  tan 
=  a(l  +  y/2  tan  0) 

QP  =  r  -  OQ  —  r  -  OC/cos  6  —  r  -  ay/ 2  / cos  6 
_  r  cos  6  -  ay/2 
cos  0 

Substitution  of  equations  4,  5,  and  6  in  equation  3  yields 
_  R  sin  6  (r  cos  6  -  ay/2  ) 
a  cos  (9(1  +  y/2  tan  6 ) 

_  R  tan  6  (r  cos  (9  -  ay/2) 
a(l  +  y/2  tan  6 ) 

Substitution  of  equation  7  in  equation  2  results  in 

a  R 


(1) 

(2) 


(3) 

(4) 

(5) 

(6) 


r  — 


a(l  +  y/2  tan  9)  -  R  sin  6 


(7) 


(8) 
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the  equation  of  La  Tosea  in  polar  coordinates.  (For  convenience  in 
printings  R  from  equation  1  is  not  substituted  in  equation  8.) 

The  equations  of  the  curves  of  Figures  3;  4s,  5,  and  6  were  derived 


Fi  g  5 

Cavara  doss  f 
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in  a  similar  manner.  For  three  other  positions  of  the  center  the 
following  material  presents  the  coordinates  of  that  point,  the  equations 
of  the  circles^  and  the  equations  of  the  curves^  all  with  respect  to 
O  as  the  origin. 

Cavaradossi,  Figure  3 
Coordinates  of  C:  0.9  a  -  7 r/4. 

R  =  a[ 0.9  \/2  cos (<9  +  7 r/4)  ±  V1*62  cos \0  +  7 r/4)  -  O.62T ] 

_  1.9  a  R  tan  6 

a(1.9  tan  6  +  0.9)  +  R  sin  0 

Boccanegra,  Figure  4 

Coordinates  of  C:  tan-1  (-1/3). 

R  =  — cos  (6  -  a)  ±  \/5  cos2(0  -  a)  -  3  ]  where 

a  =  tan-1  (-1/3) 

_  a  R 

a(l  -  3  tan  0)  +  2  R  sin  6 
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Amelia ,  Figures  5  and  6 

Coordinates  of  C:  -  71-/4. 

2 

R  —  — [cos(0  +  7 r/4)  —  \/cos  2(#  +  7t/4)  +  1  ] 

A 

_  a  R 

a(l  -  tan  0)  +  2  R  sin  0 
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Fig ■  6 
Amelia 

(complete) 


GENERAL  OBSERVATIONS 

The  curve  of  Figure  2  appears  as  two  loops.  That  of  Figure  3  exhibits 
two  branches  with  a  very  small  section  that  is  not  truly  a  loop,  as  shown 
in  the  enlargement.  The  curve  of  Figure  4  shows  one  small  loop  and  one 
very  large  one.  Figure  5  presents  three  branches  and  indicates  a  fourth; 
all  four  appear  in  Figure  6,  drawn  to  a  smaller  scale. 

Although  a  cone  cannot  be  cut  by  a  plane  in  such  a  manner  as  to 
yield  any  of  the  curves  of  Figures  2  to  6,  inclusive,  they  were  con¬ 
structed  by  a  general  method  closely  enough  related  to  that  for  the 
conic  sections  to  entitle  the  new  curves  to  be  considered  as  pseudoconics. 
These  pseudoconics  provide  stimulating  exercises  in  mechanical  drawing 
for  the  curious  student  and  confront  him,  at  some  points,  with  puzzling 
procedures.  Near  O  in  Figure  3,  for  example,  the  student  must  decide 
whether  the  upper  and  lower  parts  of  the  curve  cross  or  are  tangent.  The 
derivations  of  the  equations  afford  unique  applications  of  analytical 
geometry  and  demonstrate  the  desirability  of  exercising  care  with  respect 
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to  the  signs  of  the  trigonometric  functions.  Teachers  of  mechanical 
drawing  and  analytical  geometry  may  find  these  constructions  and  proofs 
of  interest  as  supplementary  material  because  of  the  challenges  they 
offer. 
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Premenstrual  Tension 


William  Bickers 

Medical  Arts  Building,  Richmond,  Virginia 


There  can  be  little  doubt  that  t be  symptoms  of  premenstrual 
tension  are  related  to  abnormal  watei  metabolism.  Thomas  (1933) 
reported  two  cases  of  unusual  edema  recurring  cyclically  during  the 
premenstrual  period.  Associated  with  th^  edema  were  severe  headache, 
coma,  abdominal  fullness,  leg  pains,  and  fther  classical  symptoms  which 
are  now  grouped  under  the  clinical  dia^bosis  of  premenstrual  tension. 
Thomas  observed  that  all  these  symptoms  disappeared  following  the 
diuresis  which  occurred  at  the  time  d  menstruation.  Greenhill  and 
Freed  (1941)  first  called  attention  to  tjie  frequency  of  the  -syndrome 
and  related  it  to  abnormal  water  retention.  Many  theories  have  been 
advanced  to  explain  the  physiologic  mevJiamsm  of  this  abnormal  water 
storage;  however,  none  of  them  is  completely  satisfactory. 

The  syndrome  of  premenstrual  tension  can  be  reproduced  in  part 
during  the  corpus  luteum  phase  of  the  cycle,  by  the  daily  administration 
of  Pitressin,  the  vaso-pressor  substance\  of  the  posterior  pituitary.  In 
a  group  of  16  patients  the  syndrome  was/feproduced  clinically  and  patho¬ 
logically  by  the  daily  administration  of  Pitressin  in  a  dose  of  10  units 
daily.  Water  storage  up  to  4  lbs.  was  ar|ficaily  induced  in  some  of  these 
patients. 

A  recent  clinical  study  on  22  parents  with  severe  premenstrual 
tension  showed  an  average  premenstrua)  weight  gain  of  6.8  lbs,  while 
normal  women  with  no  premenstrual  synpfoms  gain  less  than  2.5  lbs. 
In  this  group  the  intensity  of  symptomsVaried  directly  with  the  amount 
of  weight  gained  and  this  paralleled  dosely  the  volume  of  water  lost 
during  the  first  day  of  menstruation.  Tiere  can  be  little  doubt  that  the 
essential  pathologic  physiology  involve^  in  the  production  of  this  syn¬ 
drome  was  water  retention.  In  these  22  patients  water-loss  without 
treatment  during  the  first  24  hours  of  menstruation  averaged  3270  cc. 
while  asymptomatic  patients  excrete  abrtt  1700  cc.  Premenstrual  tension 
is  essentially  a  water  toxemia.  The  eilocrine  disturbances  leading  to 
this  deranged  water  metabolism  are  yeiiunknown. 
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STUDY  OF  WATER  AND  CHLORIDE  METABOLISM  ON  RATS 

When  rats  are  fed  measured  amounts  of  water  and  placed  in  a 
metabolism  cage  it  is  possible  to  recover  104%  of  the  administered 
water  during  a  four  hour  collection  period,  water  itself  being  something 
of  a  diuretic.  When  Pitressin  in  a  dose  of  0.5  unit  per  rat  is  administered 
subcutaneously  to  the  animal  37%  of  the  administered  water  is  recovered 
in  4  hours.  To  measure  the  diuretic  effect  of  a  drug  to  be  employed  in 
premenstrual  tension  it  is  satisfactory  to  induce  water  storage  in  an 
animal  by  the  administration  of  Pitressin,  employing  a  modification  of 
the  technique  described  in  the  British  Pharmacopoeia  (1948).  This 
method  simulates  the  water  retention  of  the  premenstrual  tension.  When 
Pyrilamine  8  Bromo  Theophyllinate  in  a  dose  of  0.1  gm./kg.  orally  is 
administered  to  the  rat  along  with  5  cc.  of  water  per  100  gm.  of  body 
weight  and  Pitressin  in  a  dose  of  0.5  unit  subcutaneously  the  anti¬ 
diuretic  effect  of  the  Pitressin  is  more  than  neutralized.  This  is  shown 
by  a  recovery  of  92%  of  the  administered  water  in  the  4  hours  as  com¬ 
pared  to  37%  recovery  when  water  and  Pitressin  alone  were  given. 
When  the  experiment  on  rats  was  repeated  using  ammonium  chloride 
in  a  dose  of  0.1  gm./kg.,  instead  of  the  Pyrilamine  8  Bromo  Theophylli¬ 
nate  compound,  only  34%  of  the  administered  water  was  recovered  in  4 
hours;  essentially  the  same  as  if  water  and  Pitressin  alone  were  given. 

These  figures  were  obtained  from  a  series  of  experiments  and  in 
each  experiment  4  rats  in  a  single  cage  were  employed.  Water  in  the 
same  volume,  5  cc./lOO  gm.  body  weight,  was  used  in  a  group  of  rats 
which  also  received  0.5  unit  of  Pitressin  subcutaneously  and  testos¬ 
terone  intramuscularly.  The  hormone  was  administered  as  testosterone 
propionate  in  a  dose  of  5  mg.  intramuscularly  given  at  4  P.  M.  on  the  day 
preceding  the  test  and  repeated  at  test  time  on  the  following  day. 
Water  recovery  in  this  group  of  animals  was  23%. 

Chloride  excretion,  as  measured  by  the  Volhard- Arnold  method, 
was  studied  in  each  group  of  animals  along  with  the  quantitative 
determination  of  water  recovery.  Those  animals  which  received  water 
alone  excreted  an  average  of  24  mg.  of  total  chlorides  per  cage  of  4  rats 
in  4  hours.  The  animals  that  received  water  and  Pitressin  excreted  68 
mg.  while  those  to  which  water,  Pitressin,  and  ammonium  chloride  were 
given  excreted  82  mg.  (figure  uncorrected  for  chloride  administered). 
The  rats  treated  with  water,  Pitressin,  and  testosterone  yielded  an 
average  of  52  mg.  of  total  chlorides  per  cage  in  4  hourst  The  rats  which 
received  water,  Pitressin,  and  Pyrilamine  8  Bromo  Theophyllinate 
yielded  an  average  of  102  mg.  per  cage  during  the  same  interval. 
(See  table  1). 


212 


The  Virginia  Journal  of  Science 


[ July 


Table  1. — Table  of  Water  and  Total  Chlorides  Excretion 

The  Male  Rat 
(4  hour  test  period) 

Recovery  Average  Total 
Average  Chlorides  per 

%  Water  Cage  of  4  rats 


Water  .  104  24mg. 

Water,  Testosterone  . 112  28 

Water,  Ammonium  Chloride 

(0.1  gm./kg.  orally)  . 91 

Water,  Pyrilamine  8  Bromo  Theophyllinate 

(0.1  gm./kg.  orally)  .  136  68 

Water,  Pitressin  .  37  68 

Water,  Pitressin,  Testosterone  .  23  52 

Water,  Pitressin,  Ammonium  Chloride 

0.1  gm./kg.  orally  .  32  82 

Water,  Pitressin,  Ammonium  Chloride 

0.5  gm./kg .  75  73 

Water,  Pitressin,  Pyrilamine  8  Bromo 

Theophyllinate  0.1  gm./kg.  orally  ..  92  102 


STUDY  OF  WATER  AND  CHLORIDE  METABOLISM 
ON  HUMANS 


Three  hospitalized  young  women  volunteered  to  cooperate  in  a  study 
of  water  and  chloride  metabolism.  These  patients  were  aged  22,  27,  and 
32  respectively.  They  were  patients  who  had  been  subjected  to  7io 
surgical  trauma  and  who  had  no  serious  medical  or  surgical  illness. 
They  received  no  food  or  water  intake  after  9  p.m.  On  the  following 
morning  each  patient  was  given  1,000  cc.  of  tap  water  orally  over  a 
period  of  30  minutes.  At  the  same  time  each  patient  received  10  units  «  f 
aqueous  Pitressin  subcutaneously.  The  bladder  was  emptied  by  catheaeri- 
zation  before  taking  the  water  and  the  catheter  left  in  place  and 
connectd  with  a  bedside  bottle.  The  urine  was  collected  over  a  period  of 
4  hours.  During  this  period  the  patients!  excreted  106  cc.,  275  cc.,  and 
210  cc.  respectively.  The  3  patients  were  then  allowed  a  regular  diet 
until  the  evening,  and  at  9  P.M.  all  food  and  fluid  were  withheld.  On 
the  next  morning  each  of  the  three  patients  received  1,000  cc.  of  tap 
water  orally  and  10  units  of  aqueous  Pitressin  subcutaneously.  In 
addition  each  was  given  Pyrilamine  Bromo  Theophyllinate  in  a  dose  of 
100  mg.  orally  during  the  period  of  water  ingestion.  The  dose  was 
repeated  2  hours  later  and  urine  was  collected  from  an  indwelling 
catheter  over  a  4  hour  period.  The  urine  excreted  was  950  cc.,  980  cc., 


Water — 5  cc  /100  gm.  body  weight,  orally. 

Pitressin — 0.5  unit /rat,  s.c. 

Testosterone  Propionate — 5  mg.  at  4  P.M.  day  preceding  test,  and  again  at  test 
time,  i.m. 
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and  1,200  cc.  respectively  for  each  of  the  3  patients.  It  is  apparent  trorn 
these  figures  that  Pyrilamine  8  Bromo  Theophyllinate  was  able  to  neutra¬ 
lize  almost  completely  the  water  storage  effect  of  Pitressin.  (See  table  2). 


Patient  1 
Patient  2 
Patient  3 


Table  2. — Table  of  Water  Excreted 


The  Human  Female 
(4  hour  test  period) 


106  cc. 
275  cc. 
210  cc. 


9 

-  >>  B^ 

!’g«s 

R-  as  co  EH 

950  cc. 
980  cc. 
1200  cc. 


CONCLUSIONS 


1.  Premenstrual  tension  is  a  symptom-complex  related  to  abnormal 
water  storage  during  the  premenstrual  period.  It  is  essentially  a 
water  toxemia.  Intensity  of  symptoms  vary  directly  as  the  amount 
of  water  retained.  Relief  of  symptoms  accompany  the  diuresis  which 
usually  occurs  on  or  about  the  first  day  of  menstruation.  Symptoms 
are  severe  when  premenstrual  weight  gain  exceeds  5  pounds. 

2.  The  etiology  of  the  disturbed  water  metabolism  is  unknown  but 
appears  to  be  related  to  some  Pitressin-like  toxin. 

3.  In  a  group  of  22  patients  with  severe  symptoms  the  average  weight 
gain  was  6.8  pounds.  Symptoms  were  prevented  when  the  weight 
gain  was  prevented  by  blocking  the  water  fixing  toxin  of  the  pre¬ 
menstrual  period.  The  most  effective  agent  for  blocking  the  water 
storage  was  found  to  be  Pyrilamine  8  Bromo  Theophyllinate. 

4.  Pitressin-induced  edema  in  rats  could  not  be  unblocked  by  testosterone 
or  ammonium  chloride  but  was  unblocked  by  the  Pyrilamine  8 
Bromo  Theophyllinate  compound. 

5.  Pitressin-induced  edema  in  3  human  females  was  effectively  un¬ 
blocked  by  the  Pyrilamine  8  Bromo  Theophyllinate  compound. 

Water — 1,000  cc. /patient. 

Pitressin — 10  units  /patient,  *s.c. 

Pyrilamine  8  Bromo  Theophyllinate 
100  mg'.  8:15  A.M.  day  of  test, 

100  mg',  again  at  10:15  A.  M.,  orally 
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Survey  of  the  Intestinal  Helminths  of 
Triturus  v.  viridescens  in  the  Vicinity 
of  Charlottesville.  Virginia 

Catherine  M.  Russell 

Miller  School  of  Biology,  University  of  Virginia 

This  report  is  based  on  a  survey  of  the  helminths  occurring  in  the 
intestinal  tract  of  the  newt.  Triturus  v.  viridescens,  (Rafinesque),  in 
the  vicinity  of  Charlottesville,  Albemarle  Co.,  Virginia.  This  survey 
extended  over  a  period  from  May,  1950  to  May,  1951.  In  addition  to 
ascertaining  what  intestinal  parasites  were  present,  observations  were 
made  on  their  frequency  of  occurrence  and  distribution  in  the  host. 

In  May,  1950,  the  survey  was  begun.  Monthly  collections  were  made 
from  ponds  in  and  around  Charlottesville,  Virginia,  namely:  the  Old 
Reservoir  located  on  the  north  side  of  Jefferson  Mountain;  a  pond  at 
Sunnyside,  on  the  estate  of  C.  C.  Duke,  Esq.,  which  is  located  1.4  miles 
west  on  Barracks  Road  beyond  the  intersection  of  Barracks  Road  and 
Route  29;  and  the  Old  Fish  Hatcheries,  two  miles  south  of  the  city 
limits  of  Charlottesville,  on  Route  29.  Seventy-five  or  more  newts  were 
collected  monthly  with  the  exception  of  August  and  December.  During 
these  months  some  difficulties  were  encountered;  in  August,  when  collec¬ 
tions  were  made  the  water  in  the  ponds  was  at  unusual  levels;  in  Decem¬ 
ber,  the  water  was  frozen ;  therefore,  only  a  limited  number  of  animals 
was  obtained. 

Salamanders  were  examined  the  day  they  were  collected,  if  possible; 
otherwise,  they  were  stored  in  the  refrigerator  (4°-5°C.).  Triturus  v. 
viridescens  shows  a  decrease  in  the  number  of  parasites  present  if  kept 
at  room  temperature  for  several  days  or  more.  However,  it  has  been 
observed  that  at  a  temperature  of  4°-5°C.  there  is  little,  if  any,  such 
decrease. 

The  salamanders  were  anaesthetized  in  a  1  :  500  dilution  of  Tricaine 
Methane  Sulfonate  (MS  222,  Sandoz),  decapitated,  and  the  intestinal 
tracts  were  removed  and  placed  in  0.6%  NaCl.  The  helminths  were 
counted  and  identified  as  the  tract  was  dissected  and  notation  was  made 
as  to  the  region  of  the  gut  in  which  the  parasites  were  found.  All  hel¬ 
minths  were  kept  in  0.6%  NaCl  and  rechecked  after  each  series  of 
dissections,  where  necessary  whole  mounts  were  prepared  and  studied. 

1  Contribution  from  the  Miller  School  of  Biology,  University  of  Virginia. 
Part  I  of  a  dissertation  submitted  in  candidacy  for  the  Ph.D.  degree. 
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Table  I  shows  that  1,358  salamanders  were  examined.  There,  too, 
it  is  observed  that  many  specimens  of  the  class  Trematoda  and  Nema- 
toda  were  found  together  with  two  specimens  of  the  subclass  Cestodaria. 
The  species  of  trematodes  were: 

PLAGIORCHIIDAE 

Plagitura  parva  Stunkard,  1933. 

Plagitura  salamandra  Holl,  1928. 

PARAMPHISTOMATIDAE 

Megalodiscus  rankini  Hollis,  1941. 

BRACHYCOELIIDAE 

Brachycoelium  hospitale  Stafford  (1900)  1903. 

The  cestodarians,  of  which  no  specific  identification  has  been  made, 
have  not  been  reported  previously  from  Triturus  v.  viridescens.  Similar 
forms  have  been  reported  frequently  from  fish  and  reptiles. 

The  nematodes  which  were  found  embedded  in  the  mucosal  wall 
have  not  as  yet  been  identified. 

Plagitura  parva  and  P.  salamandra  were  found  in  the  intestinal 
tract  from  the  duodenum  to  the  rectum.  Megalodiscus  rankini  was  found 
generally  in  the  rectum;  however,  in  the  July,  1950,  collections  they 
were  found  throughout  the  digestive  tract  from  the  esophagus  to  the 
rectum.  Brachycoelium  hospitale  characteristically  enough  was  located  in 
the  duodenum.  The  nematodes  were  generally  situated  in  the  region  of 
the  mid-gut.  Ocassionally,  they  were  found  in  the  lower  intestinal  tract. 
The  cestodarians  appeared  to  occupy  the  entire  small  intestine. 

It  is  of  interest  to  compare  the  helminth  infections  of  Triturus  v. 
viridescens  collected  in  April,  1951,  from  the  vicinity  of  Duke  University, 
North  Carolina  with  those  collected  near  Charlottesville,  Virginia  in 
the  same  month. 

Fifty  salamanders  from  North  Carolina  were  examined.2 3  Of  these 
70%  were  infected.  The  actual  number  of  helminths  and  percentage  of 
infection  were  recorded  as  follows : 


2  Megalodiscus  rankini  as  described  by  Hollis  differed  from  the  specimens 
mentioned  above  mainly  in  size.  She  found  the  average  (based  on  16  specimens) 
length  to  be  2  mm.  (minimum  of  1.68  mm.  and  maximum  of  2.3  mm.)  while  the 
specimens  from  Charlottesville  averaged  (based  on  25  specimens)  1.5  mm.  in 
length  (minimum  of  1.3  mm.  and  maximum  of  1.6  mm.).  Specimens  obtained 
from  the  type  locality  (vicinity  of  Duke  University,  N.C.)  agreed  in  size  with 
those  from  Charlottesville,  Va.  Those  specimens  upon  which  the  species  descrip¬ 
tion  was  based  were  obtained  from  Dr.  Rankin,  who  while  making  an  ecological 
study  of  parasites  of  some  North  Carolina  salamanders,  happened  to  save  some 
of  these  trematodes.  It  is  conceivable  that  he  saved  the  largest  ones  of  the  group. 

3  In  this  collection  one  Diplodiscus  temperatus  Stafford  1905  was  found. 
Diplodiscus  temperatus  has  been  found  in  salamanders  from  Charlottesville, 
Va.,  though  not  from  any  included  in  this  survey. 
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No. 

% 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

N.  Carol . 

.  19 

26 

14 

28 

4 

8 

69 

34 

25 

18 

Virginia  . . 

.  18 

9.5 

31 

19.1 

57 

26 

19 

10.9 

8 

6.8 

In  Table  I  it  is  observed  that  Megalodiscus  provides  the  greatest 
percent  of  infection  as  well  as  yielding  the  greatest  number  of  worms. 
They  seem  to  have  two  major  peaks  of  infectivity,  one  in  March,  the 
second  in  July.  Plagitura  parva  and  P.  salamandra  appear  to  be  more 
common  in  the  fall,  winter  and  spring  months.4  The  nematodes  and  the 
Brachycoelium  appear  to  have  no  peaks  of  seasonal  occurence. 

Table  II  presents  a  resume  of  the  maximum,  minimum,  mode  and 
average  number  of  worms  of  each  species  of  worm  (except  cestodaria) 
during  the  twelve  months  period.  Here  it  is  noticed  that  Megalodiscus 
shows  the  highest  incidence  of  infection  per  individual  with  Plagitura 
salamandra  and  the  nematode  following. 

SUMMARY  AND  CONCLUSIONS 
A  total  number  of  3,902  parasites  were  found  in  the  intestinal 
tract  of  1,358  Triturus  v.  viridescens,  examined  from  May,  1950  to  May, 
1951.  During  this  period  the  following  helminths  with  their  respective 
average  percentages  of  infection  were  found:  Cestodaria  (0.2%), 
Brachycoelium  hospitale  (4.2%),  Plagitura  parva  (6.7%),  Nematoda 
(10.8%),  Plagitura  salamandra  (16.6%),  Megalodiscus  ranhini  (20.8%) . 
Cestodarians  are  reported  for  the  first  time  from  Triturus  v.  viridescens . 


LITERATURE  CITED 
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tomoidea).  II.  Anales  del  Institute  de  Biologia,  12:643-661. 
Stafford,  J.,  1900 — Some  Undescribed  Trematodes.  Zool.  Jahrh. 

(Syst.).  13:399-414. 

- 1903 — Two  Distomes  from  Canadian  Urodela.  Centralhl.  f. 

Baht.,  Parasitenh.,  u.  Infeht.  (Orig.)  34:822-830. 

1905 — Trematodes  from  Canadian  Vertebrates.  Zool.  Anz . 
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4  There  are  some  data  available  which  would 
between  the  life  cycle  of  the  snail  host  and  that 


indicate  a  possible  correlation 
of  the  adult  fluke. 
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News  and  Notes 

(. Editor’s  note :  News  contributions  should  be  sent  to  the  person 
whose  name  appears  at  the  end  of  the  appropriate  section.) 

IN  MEMORY  OF  JOHN  CLAYTON,  BOTANIST  OF 
COLONIAL  VIRGINIA 
Jessie  Hopkins  and  A.  B.  Massey 

Of  the  several  botanists  in  Colonial  America,  John  Clayton  of 
Virginia  was  outstanding.  He  contributed  much  to  botany,  especially 
that  of  eastern  Virginia.  The  book.  Flora  Virginica,  published  by 
Gronovius  of  Leyden  was  based  upon  plant  collections  and  notes  made 
by  John  Clayton.  This  book  appeared  in  three  editions;  dated  1739,  1745, 
and  1762.  It  was  the  outstanding  botanical  publication  of  the  period. 


Photograph  of  wrought  iron  marker  placed  at  entrance  to  John 


Clayton’s  colonial  home  near  Sole,  Virginia. 

In  Virginia,  Clayton’s  memory  has  been  honored  in  several  ways. 
The  Mountain  Lake  Biological  Station,  established  by  the  University 
of  Virginia,  near  Mountain  Lake,  Giles  County,  Virginia,  dedicated  one 
of  its  buildings  to  him.  The  flora  committee  of  the  Virginia  Academy  of  ; 
Science  for  several  years  published  the  journal,  Claytonia,  commemorat- 
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ing  John  Clayton.  The  biological  club  of  the  College  of  William  and 
Mary  has  honored  John  Clayton  and  the  late  Professor  Grimes  by 
naming  itself  the  Clayton-Grimes  Biological  Club. 

The  Misses  Georgia  Mogford  and  Jessie  Hopkins  of  Cardinal,  in 
Mathews  County  (formerly  a  part  of  Gloucester  County),  realizing  that 
the  site  of  John  Clayton’s  former  home  and  the  region  in  which  he 
collected  intensively  had  never  been  indicated,  took  steps  to  develop 
and  place  an  appropriate  marker  at  Clayton’s  former  home  site.  Appro¬ 
priate  exercises  were  held  when  the  marker  was  placed  on  the  afternoon 
of  October  14,  1950.  Miss  Hopkins  supplies  the  following  description 
of  the  dedication  exercises: 

Many  months  of  painstaking  research  on  the  part  of  Miss  Georgia 
Mogford,  a  member  of  the  Mathews  County,  Virginia,  Garden  Club, 
culminated  Saturday  afternoon,  October  14,  1950  when  a  wrought  iron 
marker  to  John  Clayton  (1693-1773)  was  unveiled.  This  took  place 
at  Windsor  Farms  near  Soles  where  he  resided  for  more  than  fifty 
years  while  serving  as  Clerk  of  Court  in  Gloucester  County. 

Nature  contributed  a  beautiful  October  afternoon,  and  about  one 
hundred  persons  were  present.  The  speakers  were  Robert  Land,  Librar¬ 
ian  of  the  College  of  William  and  Mary;  J.  Martin  Diggs,  Principal 
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of  our  local  Lee  Jackson  School;  and  Clyde  Eddy,  explorer,  lecturer, 
and  author,  from  New  York  City.  Mr.  Eddy  reviewed  the  life  and  work 
of  Clayton.  Miss  Mogford  conducted  the  meeting.  The  marker  was 
unveiled  by  little  Branda  and  Charles  Armistead,  grandchildren  of 
Mrs.  Nathaniel  Leigh  who  now  owns  the  farm  which  was  the  home 
of  John  Clayton. 

Mr.  Robert  Land  spoke  of  “Why  Virginians  Should  Know  John 
Clayton,”  and  he  very  thoughtfully  brought  with  him  a  copy  of  Clayton’s 
Flora  Virginica,  from  the  library  of  the  College  of  William  and  Mary. 
Mr.  Diggs  told  us  of  the  botanical  work  done  by  John  Clayton.  He 
quoted  Jefferson  as  saying  that  John  Clayton  was  probably  the  most 
painstaking  and  accurate  of  all  the  colonial  botanists,  and  that  he  was 
closely  in  touch  with  the  Indians  both  in  language  and  herbal  knowledge. 
Mr.  Eddy  said  it  was  time  we  rediscovered  Clayton,  and  he  paid  tribute 
to  Miss  Georgia  Mogford  for  her  untiring  efforts  to  have  a  marker 
placed  at  the  entrance  of  his  former  home  which  is  now  in  Mathews 
County,  having  been  separated  from  Gloucester  County  in  1791.  Mr. 
Eddy  also  highly  complimented  Miss  Jessie  Hopkins  who  designed  the 
marker.  Spring  beauty  ( Claytonia  virginica)  and  the  interrupted  fern 
( Osmunda  claytoniana) ,  two  of  the  plants  which  botanists  have  named 
in  honor  of  John  Clayton,  appear  in  the  design.  The  marker  is  hung 
from  a  branch  of  an  old  Catalpa  tree  which  is  said  to  be  an  outgrowth 
from  a  very  old  tree  which  was  on  the  site  as  long  ago  as  anyone  can 
remember ;  one  of  a  line  of  such  trees  marking  the  entrance  to  Clayton’s 
home. 

Mr.  Diggs  later  sent  to  the  Garden  Club  several  blossoms  of  the 
turtle  head  ( Chelone  obliqua)  which  Clayton  reported.  The  real  identity 
of  this  Chelone  was  uncertain  until  it  was  rediscovered  near  Clayton’s 
home  by  Dr.  E.  T.  Wherry  about  one  hundred  seventy- five  years  later. 
It  is  a  most  striking  and  beautiful  flower.  As  yet,  the  purple  fringe 
tree  which  Clayton  described  has  not  been  found. 

Clayton’s  farm,  which  history  says  contained  over  four  hundred 
acres,  comprises  rolling  ground  which  is  still  very  rich  soil.  Through 
it  runs  a  fine  brook  where  probably  his  collections  of  water-loving  plants 
grew.  The  walled  garden  outline  has  long  since  become  the  dusty  part 
of  a  field  now  being  cultivated.  Some  of  the  foundation  of  his  home  is 
buried  well  under  the  surface  of  the  ground,  marked  only  by  the  crumb¬ 
ling  bricks.  Erom  a  photostatic  copy  of  an  old  fire  insurance  record 
found  by  Mrs.  Polly  Mason  and  in  her  book  collection  of  copies  of  old 
deeds,  we  got  a  very  good  description  of  the  house  and  its  plan  of 
building. 

Mr.  Bernard  Mikula,  a  member  of  the  Clayton-Grimes  Biological 
Club  of  the  College  of  William  and  Mary,  brought  to  the  meeting  a 
fine  plant  of  the  Osmunda  claytoniana  which  will  be  the  first  plant  to 
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be  placed  at  the  entrance  to  the  Clayton  farm. 

In  Mathews  County,  Virginia  at  the  junction  of  Route  14  (road  to 
Gloucester  C.  H.)  and  Windsor  Road  which  passes  Windsor  Farms,  a 
state  historical  marker  will  soon  be  placed.  This  is  being  done  through 
the  interest  of  the  late  Dr.  Donald  W.  Davis  of  the  College  of  William 
and  Mary,  and  Dr.  E.  G.  Swem,  Librarian  Emeritus  of  the  College. 


L 


1951 ] 


News  and  Notes 


225 


SECTION  NEWS 
Agricultural  Science  Section 

During  the  past  year,  Mr.  C.  I.  Rich,  Mr.  John  D.  Pendleton,  and 
Mr.  Arthur  Sherrell  have  been  appointed  to  the  Agronomy  Department 
staff  at  the  Virginia  Polytechnic  Institute.  Mr.  Rich  returned  to  Blacks¬ 
burg  after  being  on  leave  of  absence  for  two  years  securing  his  doctorate 
degree  at  the  University  of  Wisconsin.  He  will  be  in  charge  of  funda¬ 
mental  research  in  soil  fertility  dealing  with  soil  and  plant  analysis. 
Mr.  Pendleton,  who  was  on  leave  of  absence  for  two  years  securing 
his  doctorate  degree  at  Cornell  University,  returned  this  past  September 
to  resume  his  duties  on  the  teaching  staff  of  the  department.  Mr.  Sherrell, 
a  graduate  in  agronomy  at  Virginia  Polytechnic  Institute,  was  employed 
as  assistant  agronomist,  and  assigned  to  soil  survey  duties  in  the  State. 

Mr.  M.  M.  Parker,  assistant  director  of  the  Virginia  Truck  Experi¬ 
ment  Station  at  Norfolk,  Va.,  was  declared  Virginia’s  “Horticulturist 
of  the  Year”  by  the  Horticultural  Club  of  the  Virginia  Polytechnic 
Institute.  The  recognition  was  for  Mr.  Parker’s  contributions  to  horti¬ 
culture  in  Virginia,  specifically  for  his  work  on  kale,  collards,  spinach, 
potatoes,  and  strawberries. 

The  resident  instruction  staff  of  the  Agricultural  Engineering 
Department,  Virginia  Polytechnic  Institute,  have  been  preparing  infor¬ 
mation  for  inspection  by  the  Engineering  Council  for  Professional 
Development,  the  recognized  accrediting  agency  for  engineering  cur¬ 
ricula. 

Mr.  James  H.  Bv waters  and  Mr.  Clayton  E.  Holmes,  of  the 
Poultry  Department,  Virginia  Polytechnic  Institute,  report  that  pre¬ 
liminary  studies  of  the  use  of  Vitamin  B12  and  antibiotic  substances 
have  shown  very  favorable  results  so  far  as  growth  response  is  con¬ 
cerned.  There  are  indications  that  their  use  will  allow  for  more  efficient 
uses  of  proteins  from  vegetable  sources  and  a  marked  saving  in  the 
amounts  of  protein  from  animal  and  marine  sources  needed  for  growing 
chickens. 

A  new  green  house  range,  shared  by  the  Departments  of  Horti¬ 
culture,  Agronomy,  Plant  Pathology  and  Physiology,  Biology,  and 
Entomology,  at  the  Virginia  Polytechnic  Institute  was  completed  this 
past  year.  This  establishment  includes  a  brick  service  building  containing 
offices,  a  laboratory-classroom,  and  storage  space.  The  green  houses, 
covering  some  20,000  square  feet  of  area,  are  equipped  for  automatic 
control  of  heat  and  Ventilation.  Several  different  types  of  benches  are 
included  such  as  V-bottom  concrete  benches  for  subirrigation  plant 
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culture,  conventional  wood  benches,  and  ground  beds. — T.  J.  Nugent, 
Box  2160,  Norfolk,  Virginia 


Astronomy,  Mathematics,  and  Physics  Section 


Two  members  of  this  section  will  go  on  leave  to  pursue  further 
graduate  study  at  the  University  of  North  Carolina  in  Lhe  coming  aca¬ 
demic  year.  They  are  Mr.  A.  D.  Campbell  of  Hampden-Svdney,  and 
Mr.  E.  C.  Wingfield  of  the  University  of  Richmond. 

Mr.  Victor  L.  Klee  of  the  Mathematics  Department  of  the  Uni¬ 
versity  of  Virginia  has  received  a  National  Research  Council  Fellowship 
and  will  be  on  leave  at  the  Institute  for  Advanced  Study  for  the  session 
1951-1952. 

Ground  has  been  broken  for  the  new  Science  Hall  at  the  Virginia 
Military  Institute.  This  building  will  house  the  Department  of  Physics 
and  certain  others. 

Rouss  Physical  Laboratory  of  the  University  of  Virginia  has  been 
awarded  a  Dupont  Research  Fellowship  in  Physics  for  the  coming 
academic  year.  The  U.  S.  Rubber  Fellowship  at  Rouss  will  be  held 
by  Mr.  J.  M.  Watkins. 

Mr.  Jack  Williams  will  join  the  staff  of  the  Physics  Department 
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at  the  University  of  Richmond  for  the  coming  year.  Mr.  Williams  is 
a  graduate  of  the  University  of  Richmond  and  the  University  of  Ncrlli 
Carolina. 

Mr.  D.  Rae  Carpenter  has  been  appointed  to  the  Physics  staff  at 
the  Virginia  Military  Institute  for  the  session  1951-52.  Mr.  Carpenter 
holds  degrees  from  Roanoke  College  and  Cornell  University. 

I.  G.  Foster,  Virginia  Military  Institute 

Chemistry  Section 

In  recognition  of  achievement  and  distinction  in  her  chosen  field. 
Miss  Nan  V.  Thornton  has  been  selected  to  give  the  alumnae  address 
at  the  commencement  exercises  at  Randolph-Macon  Woman’s  College, 
where  she  is  professor  and  head  of  the  department  of  chemistry. 

Mr.  Harold  H.  Garretson,  professor  of  chemistry  at  Lynchburg 
College,  has  been  appointed  Research  Participant  in  the  Materials 
Chemistry  Division  of  the  Oak  Ridge  National  Laboratory.  He  lias 
been  granted  sabbatical  leave  of  absence  from  the  college  for  fifteen 
months. 

Mr.  Allan  T.  Gwathmey  was  Sigma  Xi  Lecturer  before  the  Vir¬ 
ginia  Polytechnic  Institute  chapter  on  May  4. 

“In  recognition  of  achievements  in  pre-medical  education,’’  three 
professors  of  chemistry  were  made  honorary  members  of  the  Phi  Psi 
chapter  of  Phi  Beta  Pi,  medical  fraternity  at  the  Medical  College  of 
Virginia.  The  honorees  were  Messrs  J.  F.  Baxter,  of  Washington  and 
Lee  University,  Ashley  Robey,  of  Roanoke  College,  and  J.  W.  Watson, 
of  Virginia  Polytechnic  Institute. 

Mr.  Lynn  D.  Abbott,  Jr.,  associate  professor  of  biochemistry  at 
the  Medical  College  of  Virginia,  attended  April  12-14,  the  Fourth 
Annual  Spring  Research  Conference  sponsored  by  the  Biology  Division 
of  the  Oak  Ridge  National  Laboratory,  supported  by  the  Atomic 
Energy  Commission.  Subjects  discussed  had  to  do  with  “The  Effects 
of  Radiation  at  the  Cellular  and  Physiological  Levels.” 

The  Pittsburgh  Conference  on  Analytical  Chemistry  and  Applied 
Spectroscopy,  March  5-7,  was  attended  by  Messrs.  James  W.  Cole, 
Everett  C.  Cogbill,  Ralph  H.  Thiers,  and  John  H.  Yoe,  from  the 
University  of  Virginia. 

Mr.  Earl  W.  Nelson  has  joined  the  Development  Department  of 
the  Piney  River  Plant  of  the  Calco  Chemical  Division  of  the  American 
Cyanamid  Company.  Mr.  Nelson  received  the  Ph.D.  from  Purdue  in 
1936.  He  was  formerly  employed  by  the  New  Jersey  Zinc  Company. 

John  C.  Forbes,  Professor  of  research  biochemistry  at  the  Medical 
College  of  Virginia,  presented  a  paper  at  a  meeting  of  the  International 
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Association  for  Dental  Research  in  French  Lick;  Indiana,  on  March  19. 
The  title  of  his  paper  was  “Effect  of  Various  Metallic  Salts  on  the 
Production  of  Acid  by  Saliva  Containing  Fermentable  Sugars.”  This 
investigative  work  was  carried  on  in  cooperation  with  Dr.  J.  Doyle 
Smith,  Associate  Professor  of  organic  chemistry  at  the  College. 

Correction:  Mr.  Lyndon  F.  Small  is  Chief  of  the  Laboratory  of 
Chemistry  in  the  National  Institute  of  Arthritis  and  Metabolic  Diseases. 

William  E.  Trout,  Jr.,  Box  168,  University  of 
Richmond 

Psychology  Section 

The  Section  program  for  the  annual  Academy  meeting  on  May  1 1 
at  Lynchburg  contained  21  papers,  the  largest  number  in  the  history  of 
the  Psychology  Section.  Seven  colleges  and  universities  of  the  state 
were  represented  on  the  program.  Elected  as  Section  officers  for  1951-52 
were  Mr.  A.  W.  Hurd,  Medical  College  of  Virginia,  as  Section  Chairman, 
and  Mr.  S.  B.  Williams,  College  of  William  and  Mary,  as  Secretary- 
Treasurer. 

Mr.  W.  M.  Hinton  of  Washington  and  Lee  University  was  elected 
Treasurer  of  The  Southern  Society  for  Philosophy  and  Psychology  at 
Roanoke  on  March  2L  Mr.  D.  M.  Allan  of  Hampden-Sydney  College 
is  the  Society  Secretary. 

Dr.  Reuben  Horlick,  Clinical  Psychologist  at  Walter  Reed  Hospital, 
has  opened  an  Arlington,  Virginia  office  (3219  Columbia  Pike)  for 
private  practice  of  clinical  and  consulting  psychology. 

Lieutenant  Richard  Wienke  reported  for  active  duty  at  Fort  Eustis, 
Virginia  during  April.  Lieutenant  Wienke  will  be  doing  psychological 
research  for  the  Army  Transportation  Corps. 

From  July  16  through  July  20,  an  H-T-P-  Workshop  will  be 
conducted  at  the  Lynchburg  State  Colony  by  the  Chief  Psychologist, 
John  N.  Buck. 

Mr.  Emanuel  Hammer  of  Brooklyn,  New  York,  has  been  appointed 
as  Psychologist  B.  at  Lynchburg  State  Colony,  effective  July  1.  Mr. 
William  Dakos  of  Fairmont,  West  Virginia  will  become  a  Senior  Interne 
at  the  Colony  on  July  1. 

On  the  summer  school  staff  hi  Psychology  at  the  University  of 
Virginia  will  be  Mr.  W.  M.  Hinton  of  Washington  and  Lee,  Mr.  R.  T. 
Sollenberger  of  Mount  Holyoke  College,  and  Mr.  R.  C.  Wingfield  of 
Converse  College.  Mr.  Sollenberger  and  Mr.  Wingfield  are  former 
University  of  Virginia  graduate  students  in  Psychology. 

Richard  H.  Henneman,  University  of  Virginia 
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Statistics  Section 

On  May  4,  Mr.  R.  A.  Bradley  was  elected  to  active  membership, 
Messrs.  G.  W.  Suter,  G.  J.  Lombardi,  and  R.  C.  Rhodes  to  associate 
membership  in  the  Virginia  Polytechnic  Institute  Chapter  of  the  Society 
of  Sigma  Xi. 

Mr.  M.  E.  Terry  received  his  Ph.D.  in  Mathematical  Statistics  at 
the  University  of  North  Carolina. 

Among  the  seminar  speakers  for  the  Statistical  Summer  Session  at 
the  Virginia  Polytechnic  Institute  will  be  Mr.  Lee  Crump  from  Roches¬ 
ter  University  and  Mr.  Walter  A.  Hendricks  of  the  United  States 
Department  of  Agriculture.  Some  of  the  possible  speakers  will  include 
Mr.  Allan  W.  Kimball  and  Mr.  E.  G.  Olds.  Mr.  W.  S.  Flory  and  the 
students  of  the  Blandy  Experimental  Farm  will  be  guests  of  the  Summer 
Session  on  August  17  and  18. 

Milton  E.  Terry,  Virginia  Polytechnic  Institute 
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In  the  Near  Balance  Rectangular  Lattices  by  Boyd  Harshbarger, 
Vol.  II.  No.  1,  formulas  on  Page  19  should  be  changed  to  read 

CONSTANTS 

Set  I 

(W-W')  (kBii-Tii)__ 
k*-[(k-2)W+W/]  “Cn 

Set  II 

(W-W')  (kB2i-Tsi)_ 
k2[  (k-2)W+W/]  “  ' 

Set  III 

(W-W')  (kB3i-Tai)_ 
k2[  (k-2)W+W'] 

Set  h 

(W-W')  (kBhi-Thi)_ 

‘  k2[(k-2)W+W'] 

These  changes  of  the  constants  will  effect  the  numerical  values  in 
Table  IX,  page  25. 

Formula  1 1  on  page  19  should  be  changed  to  read 

/ar  ,  (h-i 77  w-w-  vi 

\/kw[  k2-k-l  t(k-2)W+W'JJ 
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Ivey  F.  Lewis 
Sidney  S.  Negus 
C.  T.  O’Neil 


Phillip  C.  Scherer,  Jr. 
Robert  F.  Smart 
Lorin  A.  Thompson 
L.  E.  Ward,  Jr. 

H.  N.  Young 


President’s  Advisory  Committee 
(. Elected  by  Sections ) 


Officers  of  All  Sections  for  1951-52 

Agricultural  Sciences:  E.  Mapp  Dunton,  Chairman;  R.  C.  Carter,  Vice- 
Chairman;  T.  J.  Nugent,  Secretary;  W.  P.  Judkins,  Section  Editor 
(1955) 

Astronomy,  Mathematics,  and  Physics:  B.  Z.  Linfield,  Chairman;  S.  M. 

Heflin,  Secretary ;  Irving  G.  Foster,  Section  Editor  (1955) 
Bacteriology:  William  A.  Dorsej^,  Chairman;  W.  French  Skinner,  Vice- 
Chairman;  Miss  Ada  Corpening,  Secretary-Treasurer;  J.  Douglas 
Reid,  Section  Editor  (1955) 

Biology:  Jay  D.  Andrews,  Chairman;  H.  G.  M.  Jopson,  Vice-Chairman; 
Mrs.  H.  A.  Maurice,  Secretary;  Ladley  Husted,  Section  Editor 
(1952) 

Chemistry:  W.  Schuyler  Miller,  Chairman;  Henry  Leidheiser,  Jr.,  Sec¬ 
retary;  William  E.  Trout,  Jr.,  Section  Editor  (1952) 

Education:  Z.  T.  Kyle,  Chairman;  Jack  Roger,  Secretary;  Francis  G. 

Lankford,  Jr.,  Section  Editor  (1952) 

Engineering:  B.  A.  Niemeier,  Chairman;  V.  G.  Szebehely,  Secretary; 

Section  Editor,  Nelson  F.  Murphy  (1953) 

Geology:  W.  Horatio  Brown,  Chairman;  R.  S.  Edmundson,  Vice-Chair¬ 
man;  W.  T.  Parrott,  Secretary;  Byron  N.  Cooper,  Section  Editor 
(1953) 

Medical  Sciences:  Daniel  T.  Watts,  Chairman;  Ernst  Huf,  Secretary; 

William  Bickers,  Section  Editor  (1953) 

Psychology:  A.  W.  Hurd,  Chairman;  Stanley  B.  Williams,  Secretary- 
Treasurer;  Frank  W.  Finger,  Executive  Committeeman;  Austin 
Grigg,  Representative  to  the  Conference  of  State  Psychological  As¬ 
sociations;  Richard  H.  Henneman,  Section  Editor  (1954) 
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Science  Teachers :  Susie  V.  Floyd,  Chairman;  Thomas  H.  Christie,  Chair¬ 
man-elect;  Martha  W.  Duke,  Secretary;  L.  W.  Jarman,  Section 
Editor  (1954) 

Statistics:  Lionel  Weiss,  Chairman;  J.  Youden,  Vice-Chairman;  M.  E. 
Terry,  Secretary;  W.  A.  Hendricks,  Section  Editor  (1954) 

Research 

Walter  S.  Flory,  Chairman  (1954) 

Blandy  Experimental  Farm,  Boyce 
H.  Rupert  Hanmer  (1952)  Allan  T.  Gwathmey  (1952) 

Robert  F.  Smart  (1953)  Frank  L.  Hereford  (1955) 

D.  Maurice  Allen  (1956) 

Finance  and  Endowment 
Guy  W.  Horsley,  Chairman 
617  W.  Grace  St.,  Richmond 

Lloyd  C.  Bird  H.  Rupert  Hanmer  Nelson  Marshall 

Allen  T.  Gwathmey  Boyd  Harshbarger  L.  H.  Pownall 

Robert  F.  Smart 

Junior  Academy  of  Science 


B.  N.  Cooper 
Susie  V.  Floyd 
Thelma  C.  Heatwole 
John  E.  Hocutt 
Mary  E.  Humphreys 


Grover  W.  Everett,  Chairman 
Lynchburg  College 

Franklin  D.  Kizer  B.  D.  Reynolds 


A.  G.  Macklin 
Vada  C.  Miller 
Janie  G.  Nance 
E.  W.  Pullen 


H.  Felix  Saunders 
Oswald  Schuette,  Jr. 
Donald  D.  Shipley 


Seventh  Virginia  Science  Talent  Search 


James  W.  Cole,  Jr. 
Grover  W.  Everett 
L.  W.  Jarman 


John  E.  Hocutt,  Chairman 
College  Apts.,  Williamsburg 

J.  H.  Johnson  Howard  R.  Richardson 

Mary  E.  Kapp  Philip  C.  Scherer,  Jr. 

C.  M.  Kincaid  A.  L.  Wingo 


Alfred  R.  Armstrong 
Zoe  W.  E.  Black 
Vera  Baron 
R.  D.  Cool 
Cecile  B.  Finley 


Activities  for  Collegiate  Members 
Joe  W.  Guthridge,  Chairman 
Virginia  Polytechnic  Institute 
Robert  P.  Carroll,  Co-Chairman 
Virginia  Military  Institute 
James  McD.  Grayson  A.  Randolph  Shields 
E.  G.  Insley 
Harry  G.  M.  Jopson 
Alonzo  Myster 
Ashley  Robey 
John  H.  Yoe 


Elizabeth  Sprague 
James  H.  Starling 
Ira  A.  Updike 
Paul  A.  Walker 
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Membership 


Edward  Alvey,  Jr. 
Clinton  W.  Baber 
Paul  Burch 
R.  C.  Carter 
Robert  P.  Carroll 
H.  M.  Chase 
W.  Donald  Clague 


Foley  F.  Smith,  Chairman 
Box  1420,  Richmond 
Randolph  N.  Gladding 

H.  C.  Graybeal 
Florence  S.  Hague 
Isabel  Harris 
William  M.  Hinton 
Mary  E.  Kapp 
Alonzo  M.  Myster 


Frank  P.  Pitts 
Ashley  Robey 
John  D.  Shumacher 
John  E.  Simpson 
J.  W.  Watson 
R.  C.  Weaver 
John  H.  Yoe 


James  River  Project 


Marcellus  H.  Stow,  Chairman 
Washington  and  Lee  University 

Robert  Carroll  Ivey  F.  Lewis  C.  T.  O’Neil 

Justus  H.  Cline  A.  B.  Massey  Foley  F.  Smith 

I.  D.  Wilson 


Resource-Use  Education 


John  Thornton  Wood,  Chairman 
Virginia  Fisheries  Laboratory,  Yorktown 


Edward  Alvey,  Jr. 
Justus  H.  Cline 
A.  R.  Cochran 
Cecil  F.  DeLaBarre 
Paul  G.  Favour,  Jr. 


H.  C.  Graybeal 
Elmira  C.  Maurice 

J.  L.  McHugh 
Henry  S.  Mosby 
E.  W.  Mundie 


Wilbur  O’Byrne 
J.  J.  Shomon 
Ross  H.  Walker 
A.  L.  Wingo 


Virginia  Flora 

A.  B.  Massey,  Chairman 
Virginia  Polytechnic  Institute 

Lena  Artz  Walter  S.  Flory  George  C.  Mason 

Robert  P.  Carroll  Ruskin  Freer  P.  M.  Patterson 


Virginia  Fauna 

Jay  D.  Andrews,  Chairman 
Virginia  Fisheries  Laboratory,  Yorktown 
William  T.  Allen  Horton  H.  Hobbs  D.  Ralph  Hostetter 

Paul  R.  Burch  Richard  L.  Hoffman  Harry  G.  M.  Jopson 

H.  W.  Jackson 
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Virginia  Journal  of  Science 
Boyd  Harshbarger,  Editor-in-Chief 
Horton  H.  Hobbs,  Jr.,  Technical  Editor 
Virginia  Polytechnic  Institute 

Mary  E.  Humphreys  Clinton  W.  Baber 

Section  Editors 
(. Elected  by  Sections ) 


W.  P.  Judkins  . 

Irving  G.  Foster  . 

J.  Douglas  Reid  . 

Ladley  Husted  . 

William  E.  Trout,  Jr.  ... 
Francis  G.  Lankford,  Jr. 

Nelson  F.  Murphy  . . 

Nelson  Cooper  . . 

William  Bickers  . 

Richard  H.  Ilenneman  . 

L.  W.  Jarman  . 

Walter  Hendricks  . 


. . . Agricultural  Sciences 

Astronomy,  Mathematics,  and  Physics 

. . . Bacteriology 

. Biology 

. Chemistry 

. Education 

. Engineering 

. . Geology 

. . Medical  Sciences 

. .Psychology 

. . Science  Teachers 

. Statistics 


State  Science  Museum 
George  W.  Jeffers,  Chairman 
Longwood  College,  Farmville 


Exchange  of  Foreign  Students 
Edgar  J.  Fisher,  Chairman 
Sweet  Briar  College,  Sweet  Briar 

Roy  P.  Ash  Herta  Taussig  Freitag  Irving  R.  Silverman 


Speakers  Bureau 


S.  S.  Obenshain,  Chairman 
Virginia  Polytechnic  Institute 
Robert  P.  Carroll  D.  R.  Carpenter 

Joe  W.  Guthridge  Frank  C.  Vilbrandt 

Nominations 


Guy  W.  Horsley,  Chairman  (1954) 

617  W.  Grace  St.,  Richmond 

Boyd  Harshbarger  (1953)  Sidney  S.  Negus  (1952) 

Resolutions 

Ladley  Husted,  Chairman 
Miller  School  of  Biology,  University  of  Virginia 
Robert  T.  Brumfield 

Place  of  Meeting  for  1953 
Bruce  D.  Reynolds,  Chairman 
University  of  Virginia 


William  M.  Hinton 


William  E.  Trout 
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Local  Arrangements — 1952  Meeting,  May  15-17 
Hotel  Chamberlin,  Old  Point  Comfort 
Host  Institutions :  College  of  William  and  Mary,  Williamsburg; 
College  of  William  and  Mary  and  Virginia  Polytechnic  Institute,  Norfolk 
William  G.  Guy,  Chairman 
Nelson  Marshall,  Lewis  W.  Webb,  Jr.,  Advisory 
Meeting  Rooms  and  Projection  Equipment 

Kenneth  M.  Gordon,  George  D.  Sands,  Jr. 

Registration  . . . . . . . .- . Margaret  Phillips  (Mrs.) 

Housing  . . . C.  S.  Sherwood,  III 

Public  Relations  . . . Richard  B.  Brooks 

Exhibits  . .Burton  R.  Wolin 

Dinners  and  Luncheons  , . . . . . Eleanor  Calkins 

Guest  Speakers  . - . J.  T.  Baldwin,  Jr. 

Tours  . Roy  P.  Ash,  Willard  A.  Van  Engel 

Junior  Academy  . Robert  S.  Bailey,  O.  F.  Shuette 
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JEFFERSON  MEDAL  WINNERS 

Recipients  of  The  Jefferson  Gold  Medal* 

Alfred  Chanutin  . . . . . . .  1936 

William  B.  Porter  . . . . . . . .  1937 

H.  M.  Phillips  . . .  1938 

G.  M.  Shear  and  H.  D.  Ussery  . . .  1939 

Recipients  of  The  Jefferson  Prize1 2 

L.  G.  Overholzer  and  John  H.  Yoe  .  1940 

Allan  T.  Gwathmey  . . . . . . . .  194] 

R.  N.  Jefferson  . . . . .  1942 

W.  H.  Hough  . . . . .  1943 

Clinton  B.  Cosby. . . .  1944 

RECIPIENTS  OF  J.  SHELTON  HORSLEY 
RESEARCH  AWARDS 

Carl  C.  Speidel  . . . . . .  1927 

John  H.  Yoe  . .  1928 

J.  C.  Street  . . .  1929 

H.  E.  Jordan 

Carl  C.  Speidel  . . . . . . .  1930 

E.  C.  Stevenson  . . . . .  1931 

James  H.  Smith  . . .  1932 

S.  A.  Wingard  . .  1933 

E.  P.  Johnson  . . . . . . .  1934 

Margaret  Hess  . . . . . . .  1935 

Alfred  Chanutin  . . . . . .  1936 

R.  G.  Henderson  . . . .  1937 

S.  G.  Bedell  . . . . .  1938 

M.  J.  Murray 

F.  F.  Cleveland  . . . . . . .  1939 

Walton  C.  Gregory  .  1940 

Charles  Ray  . 1941 

No  Award  . 1942 

J.  B.  Meyer  . . . . . . .  1943 

J.  H.  Taylor  . . . . . . . . . .  1944 

No  Award  . . . . . . . .  1945 

Boyd  Harshbarger 

D.  B.  DeLury  (separate  papers)  .  1946 

No  Award  . 1947 

Henry  Leidheiser,,  Jr . 1948 

Walter  S.  Flory,  Jr . a  1949 

Erling  S.  Hegre  .  1950 

David  B.  Duncan  . 1951 


1  The  winning-  papers  in  this  competition  were  entered  against  those  of  the 
North  Carolina,  South  Carolina,  Georgia  and  Florida  Academies  of  Science.  It 
was  discontinued  in  1940. 

2  The  winning  authors  had  the  choice  of  the  Jefferson  Prize  or  the  Academy- 
Prize  during  this  period.  The  name  of  the  Academy  Prize  was  changed  to  the 
J.  Shelton  Horsley  Award;  and  the  Jefferson  Prize  discontinued  in  1944. 
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General  Program  of  The 
T wenty-N i nth  Annual  Meeting 

1951 

WEDNESDAY,  MAY  9,  LYNCHBURG  COLLEGE 
LYNCHBURG,  VIRGINIA 

3:00  P.M. — Registration  at  the  College  for  Junior  Academy  members, 
participants  in  the  Science  Talent  Search,  Senior  Scien¬ 
tists-  and  Guests,  Foyer,  Memorial  Gymnasium. 

THURSDAY,  MAY  10,  LYNCHBURG  COLLEGE 

8 :00  A.  M.  to  9  :00  A.  M. — Setting  up  Exhibits,  Memorial  Gymnasium. 
8:00  A.  M.  to  9:00  P.  M. — Registration  for  Junior  and  Senior  Scientists 
and  Guests,  Westover  Hall. 

10:30  A.  M. — Participants  in  Science  Exhibit  Contest  meet  with  F.  S. 

Scherer  in  Music  Studio  A,  Memorial  Gymnasium. 

10:30  A.  M. — Participants  in  Science  Exhibit  Contest  meet  with  F.  S. 

Andrews  and  B.  N.  Cooper,  Music  Studio  B,  Memorial 
Gymnasium. 

11 :00  A.  M.  to  3:00  P.  M. — Judging  of  those  entering  the  Science  Talent 
Search,  Music  Studio  A,  Memorial  Gymnasium  and  Rooms 
1  and  2,  Memorial  Gymnasium. 

12:30  P.  M. — Radio  Program. 

1 :00  P.  M.  to  2 :30  P.  M. — Judging  of  Science  Exhibit  Contests,  Me¬ 
morial  Gymnasium. 

3:00  P.  M. — Meeting  of  Junior  Committee,  Room  13,  Main  Building. 
3:00  P.  M. — Meeting  of  the  President’s  Advisory  Committee,  Room  16, 
Main  Building. 

3:30  P.M. — Annual  Business  Meeting  of  the  Junior  Academy  of 
Science,  Auditorium,  Main  Building. 

Invited  Lecturer:  Dr.  Harold  H.  Garretson,  Professor  of 
Chemistry,  Lynchburg  College. 

4:00  P.  M. — Meeting  of  the  Council  of  the  Senior  Academy,  Room  16, 
Main  Building. 

5:00  P.M. — Meeting  of  the  Editors  of  The  Virginia  Journal  of 
Science,  Room  15,  Main  Building. 

6:00  P.  M. — Junior-Senior  Get-Together,  Westover  Flail. 

6:30  P.M.- — Junior  Academy  Dinner,  College  Dining  Hall,  Westover 
Hall. 

Presiding — Billy  Graham,  President  of  the  Junior  Academy 
Greetings — Guy  W.  Horsley,  President 


246 


The  Virginia  Academy  of  Science 


Welcome  Address — Billy  Graham 

Presentation  of  Junior  Academy  Awards — Dr.  B.  N. 
Cooper 

Presentation  of  Virginia  Science  Talent  Search  Awards 
- — P.  C.  Scherer 

Address — Dr.  Ladley  Husted,  Head,  Miller  School  of 
Biology,  University  of  Virginia 

8:00P.  M. — Junior  Social  Hour,  Parlors,  Westover  Hall 

8 :00  P.  M. — Academy  Conference  and  General  Meeting,  College  Audi¬ 
torium,  Main  Building 
Report  of  Officers 
Report  of  Committees 

Long  Range  Planning — Marcellus  H.  Stow,  Chairman 
Research  Committee — H.  Rupert  Hanmer,  Chairman 
Finance  and  Endowment — Robert  F.  Smart,  Chairman 
Junior  Academy  of  Science — Byron  N.  Cooper,  Co- 
Chairman 

Speakers  Bureau — Frank  C.  Vilbrandt,  Chairman 
Virginia  Science  Talent  Search — P.  C.  Scherer, 
Chairman 

Activities  for  Collegiate  Members — Joe  W.  Guthridge, 
Chairman 

Exchange  of  Foreign  Students — Edgar  J.  Fisher, 
Chairman 

Membership — Foley  F.  Smith,  Chairman 
James  River  Project — Marcellus  H.  Stow,  Chairman 
Resource-Use  Education — Alfred  L.  Wingo,  Chairman 
Virginia  Flora — A.  B.  Massey,  Chairman 
Virginia  Fauna — J.  D.  Andrews,  Chairman 
Virginia  Journal  of  Science — Horton  H.  Hobbs,  Jr., 
Technical  Editor 

Financial  Report  of  Virginia  Journal  of  Science 
— Boyd  Harshbarger,  Editor-in-Chief 
Science  Museum — George  W.  Jeffers,  Chairman 
Place  of  Meeting  for  1952 — William  G.  Guy,  Chair¬ 
man 

Local  Arrangements — Ruskin  S.  Freer,  Co-Chairman 
Institute  for  Scientific  Research — Allan  T.  Gwath- 
mey,  Director 
New  Business 

FRIDAY,  MAY  11,  LYNCHBURG  COLLEGE 

8:00  A.  M. — Registration  in  Westover  Hall. 

9 :00  A.  M. — Section  Meetings — 

Agricultural  Sciences,  Library 
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Astronomy,  Mathematics  and  Physics,  Room  1,  Main 
Building 

Bacteriology,  Small  Biology  Laboratory,  Biology 
Building 

Biology,  Biology  Lecture  Room,  Biology  Building 
Chemistry,  Auditorium,  Main  Building 
Education,  Room  14,  Main  Building 
Engineering,  Room  12,  Main  Building 
Geology,  Room  25,  Main  Building 
Medical  Science,  Large  Biology  Laboratory,  Biology 
Building 

Psychology,  Room  16,  Main  Building 
Science  Teachers,  Room  13,  Main  Building 
Statistics,  Room  22,  Main  Building. 

12:30  P.M. — Luncheon  for  members  of  collegiate  chapters  and  other 
collegiate  members,  College  Dining  Hall,  Westover  Hall. 
12:30  P.  M. — Group  Luncheons. 

1:00  P.  M. — Industrial  Tour  for  Junior  Academy  Members. 

2 :00  P.  M.  to  4 :00  P.  M, — Section  Meetings. 

4:00  P.M. — Section  meetings  adjourned.  Junior  and  Senior  members 
of  the  Academy  to  be  guests  at  a  reception  in  Westover 

Hall. 

7 :00  P.  M. — Academy  Dinner,  Memorial  Gymnasium.  Tickets  must 
be  obtained  at  the  registration  desk  by  Friday  noon.  Dress, 
informal. 

Presiding — Guy  W.  Horsley,  President. 

Welcome — Orville  W.  Wake,  President,  Lynchburg 
College. 

Presentation  of  J.  Shelton  Horsley  Research  Award. 
Report  of  Nominating  Committee. 

Report  of  Committee  on  Resolutions. 

Report  of  Place  of  Meeting  Committee. 

Installation  of  Officers  for  1951-1952. 

8:30  P.M. — Address — Colonel  William  S.  Stone,  Medical  Corps, 
Commandant,  Army  Medical  Service  Graduate  School, 
Washington,  D.  C. 

“Army  Medical  Research  in  National  Defense.” 
SATURDAY,  MAY  12,  LYNCHBURG  COLLEGE 
9 :00  A.  M. — Section  Meetings. 

10:00  A.  M. — Academy  Council  Meeting,  Faculty  Lounge,  Westover  Hall. 
2:00  P.  M. — Field  Trips  (see  bulletin  boards  for  further  information). 
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Minutes  of  the  Meeting  of  the  Council,  May  10 

The  meeting  of  the  Council  of  the  Senior  Academy  was  held  at 
4  P.  M.  June  16,  Main  Buildings  Lynchburg  College,  Lynchburg.  Present 
were:  President  Guy  W.  Horsley,  presiding:  Sidney  Negus,  Allan  Gwath- 
mey,  Edward  Harlow,  Ladley  Husted,  Paul  Patterson,  L.  W.  Jarman, 
Horton  H.  Hobbs,  Marcellus  Stow,  and  Foley  F.  Smith. 

The  first  order  of  business  was  discussion  of  the  audit  of  The 
Virginia  Journal  of  Science,  and  the  report  was  made  by  Horton  H. 
Hobbs,  Jr.,  Technical  Editor,  in  the  absence  of  the  Editor-in-Chief,  Boyd 
Harshbarger.  It  was  noted  with  deep  regret  that  Mr.  Harshbarger  could 
not  attend  the  annual  meeting  due  to  illness.  It  was  properly  moved  and 
seconded  that  the  Academy  reimburse  The  Virginia  Journal  of  Science 
$2.00  for  each  Life  member  and  Patron  of  the  Academy,  as  such  members 
receive  the  Journal,  but  do  not  pay  any  annual  dues  to  the  Academy. 
Honorary  members,  who  are  elected  to  membership  by  the  Council,  are 
to  receive  the  Journal  free.  Miss  Mary  E.  Humphreys,  Mary  Baldwin 
College,  was  appointed  Assistant  Technical  Editor  of  the  Journal.  Mr. 
Stow  discussed  the  problem  of  Student  membership,  pointing  out  that 
the  student  member  pays  $1.00  per  year  for  membership  and  receives 
nothing  in  return  other  than  the  program  of  the  annual  meeting.  Since 
those  who  wish  to  receive  the  Journal  would  have  to  pay  a  minimum  of 
$3.00  for  a  regular  membership,  there  is  no  advantage  or  inducement  for 
a  student  member  to  belong  to  the  Academy  as  such.  This  problem  was 
tabled  for  further  consideration  by  the  Council. 

Mr.  Jarman  suggested  several  changes  in  the  set-up  of  the  Science 
Talent  Search  and  Junior  Academy  to  facilitate  dissemination  of  infor¬ 
mation,  and  more  efficient  handling  of  the  many  problems  in  conducting 
the  Talent  Search.  The  question  of  financial  assistance  to  the  Talent 
Search  winners  was  discussed,  and  the  Council  was  asked  to  consider 
some  means  by  which  this  important  work  could  be  continued. 

It  was  properly  moved,  seconded,  and  passed,  that  Section  4  of 
the  By-laws  be  changed  to  read  as  follows:  “In  the  case  of  this  exception, 
the  upper  limit  of  the  representative’s  expenses  to  be  paid  by  the  Academy 
shall  be  round-trip  railroad  fare,  plus  a  maximum  of  $15.00  per  day 
expenses.”  This  is  to  change  the  present  part  of  this  section,  concerning 
“Representation  at  Meetings”  which  reads  as  follows,”  in  the  case  of  this 
exception,  the  upper  limit  of  the  representative’s  expenses  to  be  paid  by 
the  Academy,  shall  not  exceed  one  hundred  dollars  ($100.00)  annually.” 

Mr.  Harlow,  whose  term  expires  this  year,  expressed  his  appreciation 
of  the  privilege  of  being  a  member  of  the  Council.  There  being  no  further 
business,  the  meeting  adjourned  at  5:45  P.  M. 

Foley  F.  Smith,  Secretary. 
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Minutes  of  the  Academy  Conference 

The  Academy  Conference  convened  in  the  auditorium  of  the  Main 
Building  of  Lynchburg  College,  Lynchburg,  8:30  P.  M.  May  10,  1951. 
Approximately  sixty  members  of  the  Academy  were  present. 

President  Guy  W.  Horsley  presided  and  expressed  the  official  thanks 
of  the  Academy  to  the  Committee  on  Local  Arrangements  and  to  Lynch¬ 
burg  College  as  the  Host  Institution. 

The  Committee  reports  which  follow  were  all  formally  accepted  to 
be  included  in  the  Annual  Proceedings. 

REPORT  OF  THE  SECRETARY-TREASURER 

The  Academy  has  suffered  loss  of  two  former  Presidents  and  Charter 
members  of  the  Academy  since  its  last  meeting  in  Roanoke,  in  May  1950. 

The  January  issue  of  The  Virginia  Journal  of  Science  was  dedi¬ 
cated  to  Donald  Watson  Davis,  Chairman  of  the  Department  of  Biology 
of  the  College  of  William  and  Mary,  who  died  on  June  30,  1950. 

The  April  issue  of  the  Journal  was  dedicated  to  Dean  Worthley 
Fuller  Rudd,  Dean-Emeritus  of  the  School  of  Pharmacy,  Medical 
College  of  Virginia,  who  died  July  26,  1950. 

The  high  esteem  in  which  these  charter  members  of  the  Academy 
were  held  is  shown  by  the  dedication  of  these  two  issues  of  the  Journal. 

The  Council  met  in  the  Alderman  Library,  University  of  Virginia, 
Charlottesville,  on  November  12,  1950.  The  Minutes  of  this  meeting  is 
contained  on  pages  63  through  67  of  the  January  issue  of  The  Virginia 
Journal  of  Science. 

The  Research  Committee  and  the  Finance  and  Endowment  Committee 
have  met  and  their  report  follows  with  the  reports  of  the  other  com¬ 
mittees. 

Dr.  E.  C.  L.  Miller,  Secretary-Emeritus  of  the  Academy,  represented 
the  Academy  at  the  installation  of  Dr.  Ever  tt,  as  President  of  Hollins 
College  16  April  1951.  The  Academy  was  also  represented  at  the  Cleve¬ 
land  AAAS  meeting  by  Dr.  Boyd  Harshbarger,  who  served  as  the 
Academy  Conference  President,  and  by  President-Elect  Paul  Patterson, 
and  on  the  AAAS  Council,  by  the  Academy  Secretary. 

Publications  of  the  Academy,  including  several  issues  of  The 
Virginia  Journal  of  Science,  and  several  copies  of  the  Academy  Mono¬ 
graph  -  “The  James  River  Basin  -  Past,  Present  and  Future”  was  a  part 
of  a  special  exhibit  of  the  State  Academy  Publications  at  the  Cleveland 
meeting;.  Both  publications  received  many  favorable  comments,  particu¬ 
larly  the  Monograph,  which  was  also  exhibited  in  the  Press  room  and 
received  many  favorable  comments  from  the  Science  Writers  represented. 

The  financial  condition  of  the  Academy  is  contained  in  the  Auditor’s 
report,  which  will  be  discussed  in  detail  in  the  report  of  the  Finance 
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and  Endowment  Committee,  and  will  be  printed  in  full  in  the  Proceedings 
of  the  Academy,  i.e.,  the  September  1951  issue  of  The  Virginia  Journal 
of  Science. 

Foley  F.  Smith,  Secretary-Treasurer 

Richmond,  Virginia 
May  1,  1951 

The  Officers  and  Council  Members 
Virginia  Academy  of  Science 
Richmond,  Virginia 

Gentlemen : 

I  have  prepared  from  the  Secretary-Treasurer’s  books  of  account  and 
record  of 

Virginia  Academy  of  Science,  Richmond,  Virginia 

the  statements  listed  in  foregoing  index  covering  the  activities  for  the 
year  ended  March  31,  1951. 

The  Statement  of  Cash  Receipts  and  Disbursements,  Exhibit,  “B,” 
reflects  the  General  Fund  cash  transactions;  and  the  Statement  of  Cash 
Receipts  and  Disbursements,  Exhibit  “C,”  reflects  the  Research  Fund 
cash  transactions  for  the  year  ended  March  31,  1951.  The  cash  in  bank 
was  verified  by  direct  correspondence  with  the  depository  bank  and  the 
balance  reported  reconciled  with  the  amount  shown  on  the  Consolidated 
Fund  Balance  Sheet,  Exhibit  “A.” 

The  cash  receipts  of  record  were  traced  in  total  to  the  record  of  their 
deposit  in  bank,  and  all  recorded  disbursements  were  evidenced  by 
properly  signed  cancelled  checks  with  the  exception  of  those  checks 
outstanding  at  the  balance  sheet  date  and  checks  bearing  numbers  1319 
to  1348,  inclusive,  which  have  been  misplaced. 

The  figures  shown  on  the  Consolidated  Fund  Balance  Sheet,  Exhibit 
“A,”  and  statements  of  Cash  Receipts  and  Disbursements,  Exhibits  “D” 
and  “E,”  relating  to  Trust  Fund  accounts  were  taken  from  the  March 
31,  1951  report  of  the  Trust  Agent,  First  and  Merchants  National  Bank 
of  Richmond  and,  with  the  exception  of  cash,  were  not  verified  in  any 
manner. 

Respectfully  submitted, 

J.  Waddell  Rison,  Certified  Public  Accountant 
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VIRGINIA  ACADEMY  OF  SCIENCE 
RICHMOND,  VIRGINIA 
CONSOLIDATED  FUND  BALANCE  SHEET 

MARCH  31,  1951 

(Prepared  from  Records  without  Audit  or  Verification) 
EXHIBIT  “A” 

ASSETS 

General  Fund: 

Cash  in  Bank  (Exhibit  “B”)  . $  3,412.21 

Accounts  Receivable  . . .  50.00 


Total  General  Fund  .  $  3,462.21 

Research  Fund: 

Cash  in  Bank  (Exhibit  “C”)  . . . $  1,151.85 


Total  Research  Fund  . . .  1,151.85 

Trust  Fund-Principal  Account  (See  Footnote) : 

Cash  Due  from  Depositary  . $  369.73 

Investments  (At  Cost) : 

United  States  Savings  Bonds 
Series  F.  &  G.  (Market  Value 

$7,528.45)  . . $  7,837.00 

Stock  Securities 

(Market  Value  $4,995.63)  ..  4,901.41 
5%  Real  Estate  Note  (Secured 
by  First  Deed  of  Trust)  .  2,500.00  15,238.41 


Total  Trust  Fund  Principal  Account  ..  15,608.14 

Trust  Fund  -  Principal  Income  Account 
(See  Footnote) : 

Cash  -  Due  from  Depositary  (Exhibit  “D”)  ....$  131.88 


Total  Trust  Fund  Principal  Income 

Account  .  131.88 

Trust  Fund  Accumulated  Income  Account 
(See  Footnote) : 

Cash  Due  from  Depositary  (Exhibit  “E”)  . $ 

Investments  (At  Cost) : 

Preferred  Stocks  (Market  Value  $1,650.50)  ..  1,790.85 


Total  Trust  Fund  Accumulated  In¬ 
come  Account  .  $  1,790.85 


$  22,144.93 


NOTE: 

Trust  Fund  Account  figures  were  taken  from  Trust  Agent’s  report,  First 
and  Merchants  National  Bank  of  Richmond,  and  exclusive  of  cash,  were 
not  verified  in  any  manner. 
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EXHIBIT  “A”  (Continued) 
LIABILITIES  AND  FUND  SURPLUS 


General  Fund: 

Advance  Payments  on  Dues  . . $  9.00 

Due  to  The  Virginia  Journal  of  Science  .  258.00 

Fund  Balance  .  3,195.21 


Total  General  Fund  . 

Research  Fund: 

Fund  Balance  . $  1,151.85 


Total  Research  Fund  . 

Trust  Fund  Principal  Account: 

Fund  Surplus: 

Balance,  April  1,  1950  . $  15,820.80 

Deduct: 

Loss  on  Sale  of  Stock  . $  209.01 

Loss  on  Sale  of  Stock  Right  .  3.65  212.66 


Balance,  March  31,  1951  . $  15,608.14 


Total  Trust  Fund  Principal  Account  .. 

Trust  Fund  -  Principal  Income  Account: 

Fund  Balance: 

Balance  April  1,  1950  . $  156.13 

Deduct  -  Excess  of  Income  Distribution 
and  Expenses  over  Income  (See  Exhibit 
“D”  . .  24.25 


Balance,  March  31,  1951  . $  131.88 

Total  Trust  Fund  Principal  Income 

Account  . . . 

Trust  Fund  Accumulated  Income  Account: 


Fund  Balance: 

Balance,  April  1,  1950  . $  1,790.85 

Add  -  Dividend  Income  on  Stock .  65.52 


$  1  856.37 

Deduct  -  Income  distribution  and  cash 
transfer  (See  Exhibit  “E”)  .  65.52 


Balance  -  March  31,  1951  . $  1,790.85 


Total  Trust  Fund  Accumulated  In¬ 
come  Account  . ... 


$  3,462.21 

$  1,151.85 

$  15,608.14 

131.88 

1,790.85 


$  22,144.93 
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VIRGINIA  ACADEMY  OF  SCIENCE 
RICHMOND,  VIRGINIA 

GENERAL  FUND 

STATEMENT  OF  CASH  RECEIPTS  AND  DISBURSEMENTS 
FOR  THE  YEAR  ENDED  MARCH  31,  1951 

EXHIBIT  "B” 

Balance  on  Deposit  -  April  1,  1950: .  $  2,995.52 

Receipts: 

Revenue: 

Dues: 

Regular  Members  . $  2,050.00 

Collegiate  Members  .  75.00 

Contributing  Members  .  308.00 

Sustaining  Members  .  280.00 

Life  Membership  (Paid  on 

account)  . 50.00  $  2,763.00 

Excess  of  Income  from  Annual 
Meeting  over  Expenses: 

Proceeds  from  Meeting  Ac¬ 
tivities  . . $  889.00 

Expenses  Incurred  and  paid  ..  872.50  16.50 


Miscellaneous  Revenue  .  4.00 

Non-Revenue: 

Pledges  collected  -  The  Virginia 

Journal  of  Science  .  559.50 

Advance  payment  of  Dues  .  9.00 


Total  Receipts  .  3,352.00 


$  6,347.52 

Disbursements: 

A.A.A.S .  $  100.00 

Honorarium  .  300.00 

James  River  Project  .  210.82 

Junior  Academy  of  Science  .  125.00 

Miscellaneous  and  General  Ex¬ 
penses  .. . | . 1 .  179.26 

Postage  and  Express  .  105.21 

Science  Talent  Search  .  23.17 

Stationery  Supplies  and  Steno¬ 
graphic  Services  .  84.35 

The  Virginia  Journal  of  Science 

-  Schedule  “1”  . 1,805.50 

Transfer  of  Advance  dues  payment 
current  revenues  above  . .  2.00 


Total  Disbursements  . . .  2,935.31 


Balance  on  Deposit  -  March  31,  1951 

(Exhibit  “A”)  . . . . .  $  3,412.21 
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Consisting  of: 

Cash  on  Deposit  -  First  and  Mer¬ 
chants  National  Bank  of  Rich¬ 
mond  -  Checking  Account: 

General  Fund  .  $  3,448.35 

James  River  Project .  -  36.14 


Total  .... .  $  3,412.21 


RESEARCH  FUND 

STATEMENT  OF  CASH  RECEIPTS  AND  DISBURSEMENTS 
FOR  THE  YEAR  ENDED  MARCH  31,  1951 

EXHIBIT  “C” 

Balance  on  Deposit  -  April  1,  1950  .  $  658.61 

Receipts: 

Revenues: 

Income  From  Trust  Investments  . $  645.99 

Gifts,  Grants  and  Bequests  .  200.00 


Total  Receipts  .  845.99 


$  1,504.60 

Disbursements  : 

Grants-In-Aid  Awards  . $  350.00 

Miscellaneous  and  General  Expenses  .  2.75 


Total  Disbursements  .  352.75 


Balance  on  Deposit  -  March  31,  1951  (Exhibit  “A”)  $  1,151.85 


Consisting  of: 

Cash  on  Deposit  First  and  Merchants  National 
Bank  of  Richmond  -  Checking  Account  .  $  1,151.85 
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TRUST  FUND  INVESTMENT  PRINCIPAL  -  INCOME  CASH 

ACCOUNT 

STATEMENT  OF  CASH  RECEIPTS  AND  DISBURSEMENTS 

FOR  THE  YEAR  ENDED  MARCH  31,  1951 

Balance  -  April  1,  1950:  .  $  156.13 

Receipts: 

Revenue: 

Dividends  on  Stocks  Held  . $  276.75 

Interest  on  Government  Bonds  . 195.00 

Interest  on  Real  Estate  First  Deed  of  Trust 

Notes  .  149.47 

Non-Revenue: 

Transfer  of  Income  from  Accumulated  Income 
Account  .  16.38 

Total  Receipts  .  637.60 

$  793.73 

Disbursements  : 

Remittances  to  Virginia  Academy  of  Science 

Research  Fund  . . . . . . $  596.85 

Appraisal  Fees  on  Loan  Property .  15.00 

Trust  Agent’s  Commission  .  50.00 

Total  Disbursements  .  66L85 

Balance  -  March  31,  1951  (Exhibit  “A”)  . .  $  131.88 


TRUST  FUND  INVESTMENT  -  ACCUMULATED  INCOME 
CASH  ACCOUNT 


STATEMENT  OF  CASH  RECEIPTS  AND  DISBURSEMENTS 
FOR  THE  YEAR  ENDED  MARCH  31,  1951 

EXHIBIT  "E” 


Receipts:  i""l 

Income  -  Dividends  on  Stocks  Held  .  $  65.52 

Disbursements  : 

Remittances  to  Virginia  Academy  of  Science 

Research  Account  . $  49.14 

Transfer  to  Principal  Income  Cash  Account  .  16.38 


Total  Disbursements  .  65.52 


Balance  -  March  31,  1951  .  None 
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ANALYSIS  OF  COLLECTIONS  FOR  AND  REMITTANCES 
TO  THE  VIRGINIA  JOURNAL  OF  SCIENCE 

FOR  THE  TWELVE  MONTHS  ENDED  MARCH  31,  1951 
SCHEDULE  “1” 


Collections: 

Total  Pledges 


Remittances: 

June  2,  1950  . 

February  20,  1951 


Paid  Up 
Membership 

Pledges 
Received 
$  559.50 

Together 
$  559.50 

1$  1504.00 

1,504.00 

..$  1,504.00 

$  559.50 

$  2,063.50 

..$  1,282.00 

$  109.00 
414.50 

$  109.00 

1,696.50 

..$  1,282.00 

$  523.50 

$  1,805.50 

..$  222.00 

$  36.00 

$  258.00 

Total  Remittances 
Balance  Due  -  March  31,  1951 
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REPORT  OF  THE  LONG  RANGE  PLANNING  COMMITTEE 

A  joint  meeting  of  the  Long  Range  Planning  Committee  and  the 
James  River  Project  Committee  was  held  on  May  10  at  12:15  at  Lynch¬ 
burg  College.  Fifteen  members  were  present. 

The  Chairman  presented  a  statement  concerning  the  status  of  the 
sales  of  the  James  River  Monograph.  There  was  considerable  discussion 
of  this  matter  and  several  helpful  suggestions  for  increasing  sales  were 
presented.  Among  them  were:  Have  a  Richmond  Department  Store  pro¬ 
mote  its  sale,  Have  the  Williamsburg  Restoration  organization  participate 
in  its  distribution,  Ask  individual  members  of  the  Academy,  distributed 
throughout  the  State,  to  sell  a  specific  number  of  copies. 

It  was  emphasized  particularly  that  the  objective  in  promoting  the 
sale  of  the  monograph  was  not  primarily  to  obtain  money,  but  to  get 
the  book  into  the  hands  of  those  people  who  should  be  most  interested 
and  concerned  with  its  contents. 

The  group  recommended  that  the  James  River  Project  Committee 
give  consideration  to  publication  of  a  book  on  the  James  River  Basin 
that  would  sell  for  about  one  dollar  and  that  would  be  written  for  High 
School  student  use. 

The  joint  committees  recommended  that  the  Virginia  Academy  of 
Science  offer  its  research  personnel  and  facilities  to  ihe  Advisory 
Council  on  the  Virginia  Economy  for  such  cooperation  in  obtaining 
scientific  information  as  the  Council  might  need  and  request. 

Dr.  Philip  C.  Scherer,  Chairman  of  the  Virginia  Science  Talent 
Search  Committee,  presented  a  statement  concerning  establishment  of  the 
Science  Club  Foundation  of  Virginia.  The  document  was  discussed  but 
no  action  taken. 

Various  other  items  concerning  the  future  work  of  the  two  committees 
were  considered. 

The  meeting  adjourned  at  3:00. 

Marcellus  H.  Stow 

REPORT  OF  THE  RESEARCH  COMMITTEE 

The  Research  Committee,  during  the  past  year,  has  acted  favorably 
upon  the  following  applications  for  research  grants-in-aid : 

1.  Mr.  Edward  R.  Dyer,  Jr.,  Leander  McCormick  Observatory, 
University  of  Virginia:  $100.00  for  equipment  to  be  used  in  determining 
space  motions  of  certain  faint  dwarf  M  stars. 

2.  Mr.  John  Thornton  Wood,  Virginia  Fisheries  Laboratory:  $150.00 
to  help  defray  expenses  for  field  work  in  Virginia  for  the  collection  of 
herpetofauna  and  examination  of  material  in  the  Carnegie  Museum,  the 
Philadelphia  Academy  of  Science  and  one  private  collection  in  Phila¬ 
delphia. 

3.  Mr.  Lowell  V.  Heisey,  Department  of  Chemistry,  Bridgewater 
College:  $100.00  for  equipment  to  be  used  in  an  investigation  of  the 
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bactericidal,  fungicidal  and  insecticidal  properties  of  native  Virginia 
flowering  plants. 

Eleven  fine  papers  were  submitted  for  the  J.  Shelton  Horsley 
Research  Award.  Their  excellence  made  the  task  of  the  Research  Com¬ 
mittee  most  difficult.  The  Award  was  given  to  Mr.  D.  B.  Duncan, 
University  of  Sydney,  and  Virginia  Agricultural  Experiment  Station  of 
the  Virginia  Polytechnic  Institute,  for  his  paper:  “A  Significance  Test 
for  Defferences  between  Ranked  Treatments  in  an  Analysis  of  Variance 
and  on  the  Properties  of  the  Multiple  Comparisons  Test.” 

The  following  received  “Honorable  Mention” — (1)  Mr.  Robert  C. 
Krug  and  Mr.  George  J.  Hsieh,  Department  of  Chemistry,  Virginia 
Polytechnic  Institute,  for  a  paper  on  “The  Reducing  Action  of  Different 
Metals  in  Liquid  Ammonia”;  (2)  Dr.  D.  R.  H.  Gourley,  Department 
of  Pharmacology,  University  of  Virginia  Medical  School,  for  a  paper 
on  “Phosphate  Turnover  in  the  Human  Erythrocyte”. 

H.  Rupert  PIanmer 


REPORT  OF  THE  FINANCE  AND  ENDOWMENT  COMMITTEE 

Since  the  Secretary-Treasurer  is  giving  a  full  report  of  the  financial 
status  of  the  Academy,  no  detailed  account  will  be  presented  here,  except 
for  the  following  items  which  may  warrant  further  explanation. 

(a)  James  River  Project  Committee — $210.82.  This  item  was 
carried  on  the  Academy  books  as  a  record;  the  money  belongs  to  the 
James  River  Project  and  the  Academy  books  were  used  only  as  a 
depository. 

(b)  The  miscellaneous  expenses  of  $179.26  included  $142.00  for 
the  audit,  $12.50  on  the  premium  for  bonding  of  the  Treasurer,  $10.00 
for  flowers,  and  $5.00  for  Corporation  Registration  Fee,  so  actually 
there  was  only  $9.76  miscellaneous  expenses.  Most  of  this  remainder  was 
used  in  the  expenses  of  running  the  Sections,  a  detailed  account  of 
which  will  be  found  in  the  Treasurer’s  report. 


The  rest  of  the  items  are  self-explanatory,  and  each  was  discussed 
by  the  Committee  and  found  in  order. 


After  careful  study  of  the  expenses  of  1950-1951,  the 
recommends  the  following  budget  for  the  year  1951-52: 


1950-51 

1950-51 

A.A.A.S.  Meeting  . . . $  100.00 

Honorarium  . . .  300.00 

E.C.L.  Miller  Award  .  50.00 


Committee 

Proposed 
1951-52 
$  100.00 
300.00 
50.00 


Junior  Academy  of  Science  and  Science  Talent 

Search  . 75.00  150.00 

Meeting  Expenses  .  100.00 

Audit  . 145.00  $  145.00 

Premium  on  Treasurer’s  Bond  . 12.50  12.50 
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Stationery,  supplies  and  stenographic  services  .  230.00  150.00 

Postage  and  express  charges  .  275.00  125.00 

Miscellaneous  .  30.00  175.00 


$1317.50  $1207.50 

The  Committee  feels  that  this  is  the  minimum  budget  on  which  the 
Academy,  exclusive  of  the  Journal,  can  operate.  Indeed,  the  expanding 
functions  of  the  Academy  demand  increased  revenue.  This  need  must  be 
met. 

With  these  explanatory  remarks,  the  Finance  and  Endowment  Com¬ 
mittee  recommends  the  following: 

(1)  That  the  proposed  budget  for  1951-52  be  adopted. 

(2)  That  increased  effort  be  made  to  increase  the  income  of  the 
Academy  by  increasing  the  membership  of  the  Academy  and  by 
greater  participation  on  the  part  of  members  in  raising  the 
status  of  their  present  memberships  to  that  of  Contributing, 
Sustaining,  Life,  or  Patron  members. 

Robert  F.  Smart 

REPORT  OF  THE  COMMITTEE  OF  THE  JUNIOR  ACADEMY 

OF  SCIENCE 

The  Junior  Academy  of  Science  Committee  continued  its  program  of: 

a.  Promoting  better  teaching  of  science  in  high  schools. 

b.  Recognizing  worthy  science  teachers  by  providing  scholar¬ 
ships  and  awards. 

c.  Working  with  the  State  Department  of  Education  in  pro¬ 
moting  better  facilities  and  better  trained  teachers  in  the 
secondary  schools. 

Mimeographed  letters  of  information  were  sent  to  all  known  active 
Science  Club  sponsors,  to  chairmen  of  Science  Open  Houses,  and  to 
members  of  the  Junior  Academy  of  Science  Committee,  encouraging: 

a.  The  enrollment  in  Science  Clubs  and  participation  in  the 
Junior  Academy  Program,  including  preparation  for  exhibit 
contests  in  the  Science  Open  Houses  and  at  the  annual 
meeting. 

b.  Club  sponsors  to  make  use  of  speakers  on  the  scientific 
rosters. 

In  addition  to  the  mimeographed  materials,  over  one  hundred  indi¬ 
vidual  letters  were  sent  out  to  the  more  active  Club  sponsors.  Replies 
were  received  from  a  very  small  percentage  of  the  Science  Clubs.  In 
like  manner,  in  several  cases  information  concerning  the  dates  of  the 
Science  Open  Houses  was  received  too  late  to  be  on  the  calendar  of 
the  High  School  League  and  too  late  to  notify  the  Science  Club  sponsors. 
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The  following  Science  Open  Houses  were  held: 


April 

7 

University  of  Virginia 

E.  W.  Puilen,  Chairman 

Biology  Department 

Charlottesville,  Virginia 

April 

13 

Medical  College  of  Virginia 

Dr.  Frank  B.  Pitts,  Chairman 
Richmond,  Virginia 

April 

14 

William  and  Mary  College 

O.  F.  Schuette,  Jr.,  Chairman 
Department  of  Physics 
Williamsburg,  Virginia 

April 

21  and  22 

Virginia  State  College 

A.  G.  Macklin,  Chairman 
Petersburg,  Virginia 

April 

21 

Mary  Baldwin  College 

Miss  Mary  Humphreys,  Chiirimn 
Staunton,  Virginia 

April 

28 

Virginia  Polytechnic  Institute 

Dr.  B,  N.  Cooper,  Chairman 
Geology  Department 

Blacksburg,  Virginia 

The  Junior  Academy  Committee  met  in  Charlottesville  on  January 
27,  *1951,  formulated  plans,  policies,  and  operating  procedures,  and  dis¬ 
cussed  the  program  for  the  Science  Open  House  and  for  the  State  meeting 
in  Lynchburg.  According  to  recommendations  brought  out  in  this  meeting, 
regulations  were  developed  assigning  each  high  school  to  a  definite 
Science  Open  House.  The  purpose  was  to  encourage  participation  in  the 
Junior  Academy  program  among  the  smaller  colleges  in  Virginia.  This 
procedure  did  not  prove  popular,  particularly  with  the  Wilson  Memorial 
High  School.  Following  the  meeting  of  the  Committee  in  Charlottesville 
an  outline  of  the  duties  of  a  Science  Open  House  Chairman  was  prepared 
by  the  Committee  Co-Chairman  Andrews,  as  requested,  and  mailed  to 
all  Science  Open  House  Chairman.  These  duties  were  later  modified  by 
Co-Chairman  Cooper  to  include  the  functions  of  the  Science  Open  House 
Chairman  in  relationship  to  the  Science  Talent  Search  Program.  In  view 
of  the  fact  that  the  Science  Talent  Search  contestants  will  not  be  inter¬ 
viewed  at  the  Science  Open  Houses  in  the  future,  the  original  outline  of 
duties  of  the  Science  Open  House  Chairman  should  continue  to  apply. 

Co-Chairman  Andrews  visited  six  high  schools  and  three  colleges  and 
made  two  visits  to  the  State  Department  of  Education  without  cost  to 
the  Academy  of  Science.  He  supervised  and  assisted  in  the  judging  of 
ninety  science  exhibits  at  the  Martinsville  High  School  Science  Fair.  He 
attended  the  national  meeting  of  the  National  Science  Talent  Search 
winners  and  interviewed  and  helped  judge  the  contestants,  all  of  whom 
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had  science  exhibits.  It  was  the  general  consensus  of  opinion  that  science 
exhibits  and  personal  interviews  by  judges  of  contestants  at  their  exhibits 
is  one  of  the  most  effective  means  of  evaluating  the  achievement  and 
qualifications  of  young  scientists. 

The  Superintendent  of  Public  Instruction,  State  Department  of 
Education.,  Dr.  D.  J.  Howard.,  after  Dr.  Andrews  had  visited  his  office, 
wrote  a  letter  to  the  Co-Chairman  of  the  Committee,  endorsing  the  activi¬ 
ties  of  the  Junior  Academy  of  Science.  Incidentally,  Dr.  Howard’s 
daughter  teaches  science  at  the  Martinsville  High  School. 

Science  Clubs  were  found  to  be  active  in  the  Junior  Academy  of 
Science  Program  during  1950-1951.  These  clubs  had  a  membership  of 
approximately  850  members.  Less  than  six  of  these  clubs  presented  a 
written  summary  of  the  activities  and  accomplishments  of  the  Club  during 
the  year. 

Dr.  B.  N.  Cooper,  Co-Chairman,  completed  a  rather  extensive  survey 
of  the  Science  facilities  in  the  secondary  schools  during  the  year  and 
reported  his  activities  at  the  state  meeting  in  Lynchburg.  A  brief  abstract 
of  his  report  follows  : 

Out  of  326  questionnaires  distributed,  278  were  returned 
to  the  Committee.  Ninety-five  percent  of  the  replies  were  filled 
out  either  by  science  teachers  or  by  high  school  principals.  Of 
the  schools  replying,  270  teach  biology,  250,  chemistry,  and  55, 
physics.  Eighty  percent  of  the  high  schools  have  teachers  re¬ 
ported  to  be  specially  trained  in  teaching  science ;  however, 
only  fifty-four  percent  of  the  high  school  teachers  have  a  bac¬ 
calaureate  degree.  Onlv  eleven  percent  hold  a  master’s  degree, 
and  only  half  of  the  schools  indicated  that  the  teachers  were 
encouraged  to  take  graduate  work.  Approximately  ten  percent 
of  the  science  teachers  also  teach  English;  thirteen  percent, 
athletics;  fifty  percent,  mathematics;  and  seven  percent,  some 
additional  courses  other  than  the  above-mentioned  three. 

Forty-four  percent  of  the  high  schools  have  special  rooms 
for  science  instruction.  About  fifty-five  percent  of  the  high 
schools  have  a  stockroom  for  science  supplies.  Only  about  thirty- 
five  percent  of  the  students  have  the  basic  items  of  equipment 
necessary  for  learning  first-hand  the  basic  principles  of  physi¬ 
cal  and  biological  science. 

Science  clubs  are  lacking  in  seventy-five  percent  of  the 
high  schools.  Nearly  eighty  percent  indicated  lack  of  adequate 
physical  facilities  for  satisfactory  instruction  in  science.  Fifty- 
three  percent  of  the  schools  plan  to  improve  the  physical  facili¬ 
ties  for  teaching  science  in  the  next  five  years.  Only  seventeen 
schools  reported  that  they  have  had  winners  in  the  State  Science 
Talent  Search  and  Science  Exhibit  contests.  The  complete 
results  of  the  survey  have  been  made  available  to  the  Junior 
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Academy  Committee  and  to  other  committees  of  the  Virginia 
Academy  of  Science  which  should  use  the  information  for  the 
improvement  of  the  teaching  of  science  in  Virginia  high  schools. 

The  committee  held  its  annual  meeting  on  May  10,  1951.  Methods 
of  improving  the  various  phases  of  the  Junior  Academy  program  were 
discussed.  In  the  absence  of  Co-Chairman  Andrews,  Dr.  B.  N.  Cooper, 
Co-Chairman,  presented  awards  at  the  annual  banquet  for  the  following 
winners : 

Prizes  consisting  of  $15,  $10,  and  $5  checks  for  the  first, 
second,  and  third  best  individual  science  exhibits  were  awarded 
to  Charles  Moncure,  Radford;  William  Prillaman,  Martinsville; 
Carolyn  Evans,  Martinsville;  and  Billy  Graham.  The  latter  two 
were  tied  for  third  prize  and  the  extra  prize  of  $5  was  con¬ 
tributed  by  the  Lynchburg  Chamber  of  Commerce.  Similar 
prizes,  furnished  through  the  courtesy  of  the  Lynchburg  Cham¬ 
ber  of  Commerce,  were  awarded  to  Jefferson  High  School 
Science  Club  of  Richmond,  Woodrow  Wilson  Memorial  High 
School  Chemistry  Club,  and  Norview  High  School  Science  Club 
for  the  first,  second  and  third  best  club  exhibits. 

Certificates  for  the  best  reports  of  club  activities  were 
awarded  to  Woodrow  Wilson  Memorial  High  School  Science 
Club  and  Newport  News  High  School  Science  Club- 

The  E.C.L.  Miller  Award  of  $50  for  the  Science  Club 
judged  to  have  made  the  most  outstanding  record  in  the  State 
for  the  year  1950-1951  was  made  to  the  Wilson  Memorial 
Science  Club.  The  check  was  received  by  Mrs.  B.  G.  Heatwole, 
sponsor  of  the  winning  club. 

No  report  of  award  of  scholarships  to  science  teachers  was 
announced. 

On  submitting  his  resignation  as  Chairman  Elect  of  the  Junior 
Academy  Committee  for  1951-1952,  Dr.  Andrews  makes  the  following 
recommendations  to  the  officers  and  committee  members  of  the  Junior 
Academy  of  Science: 

1.  The  incoming  chairman  needs  the  willing  cooperation  and  help 
of  all  club  sponsors,  Open  House  chairmen,  and  committee  mem¬ 
bers  in  order  to  coordinate  properly  the  various  functions  of  the 
Junior  Academy  of  Science. 

2.  Bear  in  mind  that  he  has  a  tough  job  and  works  gratis.  You  can 
make  his  work  more  pleasant  and  effective  by  assisting  in  every 
way  possible  to  expedite  the  program  and  by  being  patient  when 
delays  caused  by  conditions  beyond  his  control  prevent  infor¬ 
mation  from  being  sent  out  on  time. 

3.  The  Junior  Academy  Chairman  needs  the  service  of  a  stenogra¬ 
pher  from  one-fourth  to  one-half  time  to  coordinate  properly  the 
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program.  It  is  recommended  that  funds  be  provided  to  pay  for 
stenographic  help. 

Flood  S.  Andrews 


REPORT  OF  THE  COMMITTEE  ON  SPEAKERS’  BUREAU 

The  mechanics  of  the  Speakers’  Bureau,  as  exercised  in  the  past, 
continued  this  past  year.  Speakers  do  not  get  expenses  paid  by  the  high 
schools  nor  do  they  get  remuneration  for  transportation  or  any  other 
incidental  expenses  connected  with  the  visitation.  There  existed  no 
difficulty  in  getting  speakers  to  make  themselves  available  under  these 
conditions.  Those  contacted  seem  to  feel  that  it  is  something  that  they 
can  do  to  help  out  the  young  boys  in  high  school  and  also  gives  them 
a  chance  to  present  their  views.  I  have  quite  a  list  of  people  and  will 
turn  them  over  to  you,  but  they  would  have  to  be  contacted  again  for 
any  changes.  Oftentimes  additional  speakers  have  offered  themselves  to 
someone  in  the  area  as  anxious  to  be  put  on  the  speakers’  list  and  the 
information  gets  to  me  via  the  second  person. 

The  Virginia  League  of  High  Schools,  formerly  under  the  direction 
of  Richard  Fletcher,  from  their  Charlottesville  office  has  undertaken  to 
send  out  the  mimeographed  material  it  would  like  to  get  to  all  the  high 
school  principals  in  the  State.  I  think  they  have  done  more  than  an 
acceptable  job  in  so  far  as  there  were  quite  a  number  of  sheets  of  paper, 
including  instructions  and  the  list  of  speakers  and  these  sheets  consti¬ 
tuted  quite  a  lot  in  the  envelopes  they  have  to  send  out.  There  is  reason 
to  believe  that  the  Virginia  League  of  High  Schools  will  not  continue 
this  cooperative  practice. 

Most  of  the  time  the  high  schools  look  over  the  list  of  speakers  in 
their  area  and  correspond  with  them  directly,  but  there  are  a  fair  number 
of  letters  in  which  some  high  school  groups  will  ask  for  assistance  in 
contacting  a  speaker.  In  the  instructions  the  high  schools  are  asked  to 
deal  directly  with  the  speaker  since  he  is  the  important  personage  in 
this  work. 

The  question  is  asked  whether  the  work  of  the  committee  needs 
wide  expansion  or  if  we  are  doing  enough  now.  The  answer  to  that  is 
yes  and  no.  It  has  been  found  that  some  high  school  principals  object 
to  outside  speakers  coming  in,  stating  that  the  speakers  try  to  sell  the 
idea  of  science  to  high  school  students  and  that  the  principal  would  like 
to  keep  guidance  work  assigned  to  his  own  staff.  Of  course  no  speaker 
would  be  worth  much  if  directly  or  indirectly  he;  "did  not  sell  himself 
and  his  ideas  to  his  audience.  The  State  Board  of  Education  has  been 
quite  willing  to  cooperate  and  in  some  cases  seems  to  have  done  all  of 
the  work,  especially  among  the  Negro  high  schools.  The  two  Negro 
members  who  have  regional  visitations  to  make  are  quite  enthusiastic  and 
they  seem  to  have  worked  quite  hard  when  one  considers  the  number 
of  exhibits  and  the  number  of  speakers  called  for. 
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It  is  rather  sad  to  relate  that  the  Virginia  Academy  of  Science  does 
not  provide  any  funds  nor  any  help,  and  the  money  paid  out  for  paper, 
stamps,  envelopes,  and  mimeographing  amounts  to  between  $75.00  and 
$120.00.  The  retiring  chairman  of  the  committee  feels  that  the  under¬ 
taking  was  worth  while  and  has  underwritten  the  financial  burden  of 
the  work. 

This  expresses  rather  a  formative,  although  a  frank  statement  of 
the  trials  and  vicissitudes,  but  the  value  of  the  services  to  the  high 
school  groups  more  than  offsets  any  grief  and  expenditures. 

The  retiring  chairman  offers  to  serve  as  a  member  of  the  committee; 
for  the  last  seven  months  there  has  been  too  much  paper  ymrk  and 
therefore  less  time  and  attention  has  been  devoted  to  the  Speakers’  Bureau, 
consequently  the  financial  burden  has  been  lightened  by  the  same  token. 
The  demand  for  speakers  has  been  light,  but  the  same  enthusiasm  on 
the  part  of  the  participating  speakers  continues. 

Many  principals  have  shunted  the  time  of  the  science  club  meetings 
to  after  school  hours,  and  in  these  cases  the  interest  in  science  club  work 
has  materially  suffered.  There  are  just  too  many  meetings  and  too  many 
extra-curricular  activities  confronting  the  high  school  students  today. 

Frank  C.  Vilbrandt 

REPORT  OF  THE  SIXTH  VIRGINIA  SCIENCE  TALENT 

SEARCH 

Five  hundred  and  forty-seven  seniors  from  fifty-nine  high  schools 
requested  Aptitude  Examinations  from  Science  Service,  which  represents 
an  increase  of  102  over  last  year.  Of  these,  108  completed  all  require¬ 
ments  for  competition,  and  from  them  the  National  Science  Talent 
Search  selected  seven  for  National  Honorable  Mention.  They  are  as 
follows : 

National  Honorable  Mention 


Bayne  S.  Bentley 
Ada  A.  Blackwell 
Fay  F.  Dixon 
Marcella  M.  Eubank 
William  T.  Graham 
Richard  K.  Lyon 
Ellen  D.  Valentine 


Jefferson  High  School 
Wilson  Memorial  High  School 
Wilson  Memorial  High  School 
Wilson  Memorial  High  School 
Wilson  Memorial  High  School 
Washington-Lee  High  School 
George  P.  Phenix  High  School 


Roanoke 

Fishersville 

Fishersville 

Fishersville 

Fishersville 

Arlington 

Hampton 


The  Virginia  Science  Talent  Search  Committee  studied  the  108  com¬ 
pleted  entries  and  chose  45  finalists  in  the  State  Search.  These  selections 
were  based  on  consideration  of  1)  Aptitude  Examination  Score,  2)  Essay, 
3)  High  School  Scholastic  Record,  4)  Teacher  Recommendations,  and 
5)  Interview  Scores  at  Open  Houses. 

At  the  Junior  Academy  of  Science  meeting  at  Lynchburg  College  on 
May  10,  1951,  these  finalists  were  interviewed  by  panels  of  Judges  and 
from  among  them  15  were  chosen  as  State  Winners  and  30  were  con¬ 
sidered  worthy  to  be  designated  State  Honorable  Mention,  as  follows: 
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State  Winners 


Name  and  Rank 

High  School 

Home 

1.  B.  S.  Bentley 

Jefferson  Senior 

Roanoke 

2.  R.  K.  Lyon 

Washington-Lee 

Arlington 

3.  Marcella  M.  Eubank 

Wilson  Memorial 

Harriston 

4.  W.  T.  Graham 

Wilson  Memorial 

Waynesboro 

5.  Faye  F.  Dixon 

Wilson  Memorial 

Stuarts  Draft 

6.  Ellen  Valentine 

George  P.  Phenix 

Hampton 

7.  Ada  A.  Blackwell 

Wilson  Memorial 

Staunton 

8.  A.  J.  Zuchelli 

Lane 

Charlottesville 

9.  N.  McShane 

Lane 

Charlottesville 

10.  Patsy  I.  Wampler 

Wilson  Memorial 

Ft.  Defiance 

11.  Joan  V.  Pease 

Thomas  Dale 

Richmond 

12.  R.  T.  Von  Beck 

Warren  County 

Front  Royal 

13.  C.  W.  Denson 

Warren  County 

Front  Royal 

14.  D.  L.  Richards 

Blacksburg 

Blacksburg 

15.  Margaret  A.  Masincupp  Wilson  Memorial 

State  Honorable  Mention 

Staunton 

Name 

High  School 

Home 

T.  F.  Armstrong 

Thomas  Jefferson 

Richmond 

N.  Beachley 

Washington-Lee 

Arlington 

J.  W.  Bragg 

Thomas  Jefferson 

Richmond 

Peggy  A.  Carico 

Castlewood 

Castlewood 

R.  H.  Crewdson 

Warren  County 

Front  Royal 

G.  Dickerson 

Highland  Springs 

Sandston 

Mary  S.  Foley 

Thomas  Jefferson 

Richmond 

R.  H.  Giles 

E.  C.  Glass 

Lynchburg 

H.  B.  Hollinger 

Warren  County 

Front  Royal 

Norma  M.  Howard 

John  Marshall 

Richmond 

Orian  F.  Langley 

Booker  T.  Washington 

Norfolk 

M.  G.  Levy 

Newport  News 

Newport  News 

Peggy  A.  Lloyd 

Wilson  Memorial 

Waynesboro 

J.  H.  Marion 

Thomas  Jefferson 

Bon  Air 

R.  R.  Mitchell 

Maury 

Norfolk 

Patricia  A.  Murray 

John  Marshall 

Richmond 

Barbara  A.  Neblett 

Thomas  Jefferson 

Richmond 

Catherine  Newbill 

Newport  News 

Newport  News 

W.  F.  Peach 

Newport  News 

Newport  News 

G.  F.  Reese 

Wilson  Memorial 

Staunton 

H.  Richards 

Blacksburg 

Blacksburg 

Shirley  J.  Sawyer 

Newport  News 

Newport  News 

L.  J.  Shipman 

Norview 

Norfolk 

D.  H.  Stern 

John  Marshall 

Richmond 

M.  L.  Stockner 

Warren  County 

Front  Royal 

Owen  Thomas,  III 

Lincoln 

Round  Hill 

R.  B.  Thomas 

Jefferson 

Roanoke 

J.  M.  Warner 

Norview 

Norfolk 

Melba  L.  Watkins 

St.  Catherine’s 

Potsdam,  N.  Y. 

A.  L.  Wurtzel 

Thomas  Jefferson 

Richmond 

Winner  of  the  Major  W.  Catesby  Jones  Award  for  the  best  essay 
in  chemistry  was  Marcella  M.  Eubank  for  paper  titled  “Reactions  in 
Gels.” 


Philip  C.  Scherer 
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REPORT  OF  THE  COMMITTEE  ON  THE 
EXCHANGE  OF  FOREIGN  STUDENTS 

The  3  950  report  of  our  Committee  showed  that  there  were  26,000 
overseas  students  in  the  United  States  in  the  academic  year  1949-1950, 
whereas  now  the  authentic  statistics  indicate  that  the  number  has  in¬ 
creased  to  over  30,000.  Of  this  number  only  about  7,000  are  women. 

The  total  number  of  foreign  students  in  Virginia  institutions  of 
higher  learning  at  present  is  220.  This  shows  an  increase  in  number  over 
the  177  students  from  abroad  in  this  state  in  1948-1949,  and  the  197  in 
1949-1950.  Of  these  students  141  are  men  and  79  are  women.  In  the 
year  before  this,  only  eight  institutions  had  five  or  more  students  from 
abroad,  whereas  now  thirteen  Virginia  institutions  are  on  this  honor  list. 
They  are  as  follows,  in  comparison  in  this  respect  with  the  statistics  for 
last  year: 


Institution 

1950-1951 

1949-1950 

Virginia  Polytechnic  Institute  .... 

.  36 

38 

University  of  Virginia  . 

.  34 

23 

Eastern  Mennonite  College  . 

. .  23 

23 

College  of  William  and  Marv  ---- 

.  15 

4 

Hampton  Institute  . 

.  11 

15 

University  of  Richmond  . 

. . .  11 

10 

Virginia  Union  Universitv  . 

.  9 

10 

Virginia  Military  Institute  . 

.  8 

0 

Virginia  Intermont  College  . 

. .  7 

0 

Washington  and  Lee  University 

.  7 

5 

Shenandoah  College  . 

.  5 

0 

Sweet  Briar  College  . 

. .  5 

2 

Union  Theological  Seminary  . 

.  5 

4 

This  increasing  number  of  overseas  students  now  with  us 

in  Virginia 

come  from  52  different  countries, 

as  against  the.  47  countries 

represented 

in  last  year’s  list.  These  countries  and  the  number  of  their  students  are : 


China  . 

.  30 

Colombia,  Cyprus,  Den¬ 

Canada  . 

.  28 

mark,  Gold  Coast,  Iran, 

Cuba  . 

.  19 

Korea,  Mexico,  Nether¬ 

Germany  . 

.  13 

lands  . 

3  each 

Venezuela  . 

.  10 

Argentina,  Austria,  Bel¬ 

Great  Britain  . 

.  8 

gium,  Ecuador,  Greece, 

Brazil  . 

.  7 

Guatemala,  India,  Israel, 

British  West  Indies  . 

.  7 

Panama,  Peru,  Philip¬ 

Japan  . 

.  6 

pines,  Turkey,  Union  of 

France  . 

.  5 

South  Africa  . 

2  each 

Nigeria  . 

.  5 

Chile,  Costa  Rica,  Czecho¬ 

Sierra  Leone  . 

.  5 

slovakia,  Haiti,  Italy, 
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Honduras,  Liberia,  Nether-  Kashmir,  Latvia,  Leba- 

lands  Antilles  .  4  each  non,  Malaya,  Nicaragua, 

Paraguay.  Poland,  Switz¬ 
erland,  Syria,  Vietnam  ....  1  each 

The  great  increase  in  the  number  of  foreign  students  in  recent  years 
is  due  largely  to  the  extensive  programs  supported  by  funds  from  dif¬ 
ferent  governments,  including  our  own,  to  enable  students  to  go  abroad 
for  higher  studies.  Until  recently  governments  have  supported  their  young 
men  and  women  for  study  abroad  chiefly  in  Engineering,  Medicine,  and 
the  physical  sciences.  One  of  the  most  significant  facts  concerning  the 
fields  of  study  of  the  1950-1951  foreign  students  is  the  increase  in  the 
number  now  coming  to  this  country  to  pursue  graduate  study  in  the 
Social  Sciences.  At  the  present  time  there  are  almost  as  many  overseas 
students  working  in  the  Social  Sciences  (5,617)  as  in  Engineering  (5,810), 
which  is  the  discipline  claiming  the  largest  number.  Until  this  academic 
year  medicine  regularly  ranked  second  in  the  list  of  fields  of  study. 

The  significance  of  the  foreign  student  movement  obviously  tran¬ 
scends  statistics.  Every  academic  and  civic  community  has  a  great  chal¬ 
lenge  and  a  deep  responsibility  with  respect  to  the  students  from  other 
countries,  whether  they  are  in  the  graduate  or  undergraduate  categories. 
The  enlightened  resources  of  the  community  should  be  brought  to  bear 
in  the  academic  and  non-academic  phases  of  community  life  so  that  the 
needs  of  these  student  guests  will  be  adequately  met.  It  is  by  no  means 
sufficient  that  these  young  people  from  other  lands  should  have  merely 
a  successful  academic  experience.  If  that  is  the  sum  total  of  their 
advantage,  much  of  the  fundamental  values  of  intercultural  exchange 
will  not  be  gained.  The  purely  academic  should  be  supplemented  by 
fruitful  experiences  in  the  civic,  industrial,  recreational,  religious,  and 
social  phases  of  American  lfie. 

Edgar  J.  Fisher 

REPORT  OF  THE  MEMBERSHIP  COMMITTEE 

The  Academy  membership  has  not  progressed  as  well  as  hoped  for 
this  year.  The  increased  loss  of  members,  however,  reflects  the  change 
in  the  Constitution,  which  dropped  all  members  in  arrears  for  one  year, 
rather  than  the  three  years  allowed  under  the  former  Constitution.  Ninety- 
two  of  the  total  lost  this  year  is  due  to  those  members  dropped  under 
the  new  Constitution  ruling. 

For  the  past  year  from  April  1,  1950  to  April  1,  1951,  the  Academy 
has  gained  only  139  members,  classified  as  follows: 


Student  Members  . . .  34 

Regular  Members  .  105 


TOTAL 


139 
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During  the  year  the  Academy  lost  several  members  by  death;  the 
names  of  which  are  contained  in  another  report. 

The  recapitulation  of  the  total  membership  is  as  follows : 


Members  last  year .  1204 

Members  lost  last  year,  classified  as  follows : 

Student  members  . 34 

Regular  Members  . 128 

Deceased  .  7 


TOTAL  . : .  149 

New  Members  in  1949-50  .  139 

Net  Loss  .  10 

Present  Membership  of  the  Academy .  1194 


Foley  F.  Smith 

REPORT  OF  THE  RESOURCE-USE  EDUCATION  COMMITTEE 

The  resource-use  education  activities  included  in  the  reports  of  the 
last  three  years  have  been  continued  or  expanded.  Likewise;  the  problems 
previously  emphasized  continue  to  persist. 

On  account  of  space  limitations  only  new  or  expanded  activities  are 
listed  in  this  report.  Some  of  the  more  significant  resource-use  education 
activities  listed  by  certain  members  of  the  Committee  are  as  follows : 

1.  In  August;  1950;  the  Extension  Service  operated  its  first  forestry 
school  for  county  agents.  Forty-four  agents  attended  this  one-week  school 
held  at  Holiday  Lake. 

2.  Farm  forestry  is  now  included  in  the  curriculum  of  Vocational 
Education  at  Virginia  Polytechnic  Institute. 

3.  Through  the  Game  and  Inland  Fisheries  Commission’s  audio¬ 
visual  service  program,  countless  educational  motion  picture  films  have 
been  made  available  to  clubs;  schools;  and  miscellaneous  meetings. 

4.  An  effort  has  been  made  by  the  Game  and  Inland  Fisheries  Com¬ 
mission  to  provide  schools  and  the  public  with  resource-use  reference 
material.  Five  thousand  copies  of  the  Commission’s  latest  publication; 
the  72-page  booklet  “Birdlife  of  Virginia;”  will  be  distributed  to  the 
schools  through  the  State  Board  of  Education. 

5.  Within  recent  months  consideration  has  been  given  to  the  idea 
of  providing  a  summer  workshop  in  which  agriculture  teachers  of  the 
Tidewater  area  will  study  fisheries  so  that  they  may  present  fishery  con¬ 
servation  to  their  pupils. 

6.  A  modern  exhibit  room  was  planned  and  developed  in  the  new 
Virginia  Fisheries  Laboratory  building  at  Gloucester  Point.  This  exhibit, 
opened  officially  with  the  dedication  of  the  Laboratory  on  October  12, 
1950,  contains  displays  on  ancient  marine  fauna  of  the  seas  that  covered 
Tidewater  Virginia  during  much  of  the  Miocene  Age;  displays  on  the 
use  of  marine  resources  by  the  tribes  of  Indians  that  inhabited  the  lower 
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York- James  before  the  settling  of  Jamestown  Island;  and  displays  on  our 
rich  and  varied  marine  fauna  of  today. 

7.  Marine  Life  Resource-Use  was  taught  for  one  week  as  a  part  of 
the  class  work  in  General  Biology,  Comparative  Anatomy,  and  Botany 
at  Radford  College  to  approximately  three  hundred  students. 

8.  It  was  reported  by  one  of  the  Committee  members  representing  a 
National  Forest  that  the  “food  cycle”  idea  has  been  used  as  a  method  of 
approach  in  teaching  Conservation  to  a  number  of  groups — men,  women, 
and  youth. 

9.  A  course  in  applied  science,  which  emphasized  conservation  edu¬ 
cation,  was  taught  at  the  University  of  Richmond  last  summer. 

Recommendations 

Some  of  the  recommendations  suggested  by  certain  members  of  the 
Committee  are  as  follows: 

1.  It  is  recommended  that  the  State  of  Virginia  establish  a 
Resource-Use  Education  Commission,  or  Advisory  Council.  This  Com¬ 
mission,  or  Council,  should  be  composed  of  official  representatives  of  state 
and  federal  land-use  agencies  and  the  State  Board  of  Education.  It  should 
serve  to  advise  the  Governor  and  the  General  Assembly,  and  the  agencies 
represented  concerning  matters  pertaining  to  Conservation  Education, 
its  need,  and  ways  and  means  of  coordinating  the  total  conservation 
effort. 

2.  It  is  recommended  that  Virginia’s  institutions  of  higher  learning 
include  in  their  teacher-training  curricula  one  or  more  fundamental 
courses  in  the  conservation  of  natural  resources.  It  is  also  recommended 
that  all  teachers  graduating  from  such  institutions  be  required  to  have 
had  at  least  one  full  course  in  Resource-Use  Education  before  a  teaching 
certificate  is  granted. 

3.  The  Committee  wishes  to  urge  the  State  Board  of  Education  to 
add  to  its  staff  a  trained,  full-time  Conservation  Education  specialist  to 
help  coordinate  Conservation  Education  activities  in  the  public  school 
system. 

4.  The  committee  wishes  to  urge  the  State  Board  of  Education  to 
promote  Conservation  or  Resource-Use  Education  workshops  each  sum¬ 
mer  for  the  benefit  of  instructional  personnel  of  public  schools. 

Alfred  L.  Wingo 

REPORT  OF  THE  COMMITTEE  ON  VIRGINIA  FLORA 

Three  members  of  the  Committee  report  individual  activity  relative 
to  the  study  of  plant  life  in  the  state.  P.  M.  Patterson  has  continued 
activity  in  the  study  of  the  moss  flora.  He  has  completed  a  study  of  the 
mosses  from  eastern  Virginia  collected  by  Mr.  Bayard  Long,  who  accom¬ 
panied  Dr.  Fernald  on  frequent  trips  in  eastern  Virginia.  Dr.  Patterson 
has  published  several  papers  relative  to  the  mosses 
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Miss  Lena  Artz  is  actively  engaged  in  the  botany  of  the  Massa- 
nutten  Mountains.  Some  of  her  work  is  reported  in  a  paper  in 
CASTANEA  15:131-134  and  Notes  in  the  Virginia  Journal  of  Science 
1 :145-146. 

A.  B.  Massey  is  actively  engaged  in  developing  an  annotated  check 
list  of  the  plants  of  the  state.  This  is  based  on  the  eighth  edition  of  Gray’s 
Manual  of  Botany  and  is  a  preliminary  to  a  state  flora  which  we  hope  to 
develop  in  the  future.  The  V.P.I.  herbarium  of  the  state  flora  is  to  he 
better  housed.  A  special  room  has  been  assigned  to  it.  The  herbarium  is 
filed  in  several  large  all-metal  cases ;  however,  additional  cases  are  needed 
to  care  for  the  present  collection  properly,  and  to  allow  for  the  near 
future.  The  new  arrangement  will  place  the  herbarium  where  it  will  be 
accessible  throughout  the  day. 

A.  B.  Massey 

REPORT  OF  THE  COMMITTEE  ON  VIRGINIA  FAUNA 

In  recent  years  the  Fauna  Committee  under  the  chairmanship  of 
Dr.  Horton  H.  Hobbs  has  stimulated  new  interest  in  increasing  our  know¬ 
ledge  of  the  Virginia  fauna.  The  objectives  of  the  Committee  broadly 
stated  are  (1)  to  increase  the  facilities  available  to  specialists  who  are 
studying  the  Virginia  fauna,  and  (2)  to  disseminate  the  information 
gathered  by  these  specialists  to  the  people  of  Virginia  through  keys, 
handbooks,  literature  lists,  and  identification  services. 

Some  of  the  projects  now  in  progress  which  are  aimed  at  furthering 
the  first  objective  are  these: 

1.  A  directory  of  people  actively  working  on  the  Virginia  fauna  and 
the  type  of  material  they  want  from  collectors.  This  directory  will  be 
revised  this  coming  year,  and  interested  persons  should  contact  some 
member  of  the  Fauna  Committee. 

2.  Systematic  files  on  Virginia  fauna  have  been  established  at  the 
University  of  Virginia  (land  and  freshwater  species)  and  the  Virginia 
Fisheries  Laboratory  (brackish  water  and  marine  species).  Contributions 
to  these  files  are  solicited  since  they  are  maintained  by  voluntary  work. 
They  are  also  open  to  anyone  seeking  information  on  a  group  or  species. 

3.  A  few  people  are  actively  collecting  for  group  specialists  located 
in  and  out  of  the  state.  Many  more  pairs  of  hands  are  needed  and  it  is 
hoped  high  school  teachers  and  students  as  well  as  other  groups  will  aid 
in  this  project. 

The  facilities  for  disseminating  information  are  gradually  increas¬ 
ing.  The  resumption  of  the  publication  of  The  Virginia  Journal  of 
Science  was  a  big  step.  The  completion  of  the  new  building  for  the 
Virginia  Fisheries  Laboratory  in  the  past  year  provide  a  center  from 
which  marine  and  brackish  water  studies  maybe  carried  out.  Already 
many  high  school  groups  and  several  college  groups  have  visited  the 
exhibit  room  and  taken  guided  field  trips  from  this  laboratory. 

The  Committee  wishes  to  call  attention,  because  of  its  application  to 
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our  own  state,  to  a  very  important  book  recently  published  by  our  sister 
state,  North  Carolina.  The  book,  edited  by  Harden  F.  Taylor,  is  entitled 
Survey  of  Marine  Fisheries  of  North  Carolina. 

J.  D.  Andrews 

REPORT  OF  THE  VIRGINIA  JOURNAL  OF  SCIENCE 

The  Editorial  Staff  has  worked  hard  in  producing  your  Journal 
which  is  now  recognized  as  one  of  the  leading  Journals  of  the  state 
academies  throughout  the  United  States.  The  Technical  Editor, 
Dr.  Horton  H.  Hobbs  of  the  University  of  Virginia  merits  especial 
recognition  for  his  excellent  work  in  editing  the  Journal.  There  is  no 
other  scientific  journal  that  is  being  published  for  two  dollars.  Your 
cooperation  will  assist  the  staff  in  maintaining  this  minimum  cost  of 
publication.  Some  of  the  things  which  will  assist  us  are  as  follows : 

1.  Send  your  change  of  address  to  the  Editor-in-Chief,  Virginia 
Journal  of  Science,  Blacksburg,  Virginia,  at  least  six  weeks  before  the 
next  issue  of  the  Journal; 

2.  Pay  your  dues  before  January  1  so  that  there  will  be  no  lapse 
in  your  subscription ; 

3.  Submit  to  the  Journal  a  scientific  paper  for  publication;  and 

4.  Send  to  the  Section  Editor  any  scientific  news  which  may  be 
interesting  to  the  membership. 

Boyd  Harshbarger,  Editor-in-Chief 


Audit  of  the  Journal 


Editor-in-Chief 
Virginia  Journal  of  Science 
Blacksburg,  Virginia 
Dear  Sir: 

The  audit  of  the  financial  accounts  of  The  Virginia  Journal  of 
Science  included  verification  of  receipts  and  expenditures  and  money  on 
deposit  with  the  Farmers  and  Merchants  National  Bank  of  Blacksburg, 
also  a  verification  of  accounts  receivable  and  accounts  payable.  I  found 
it  necessary  to  set  up  two  subsidiary  accounts  to  cover  Advertising  and 
Extra  Page  Charges.  I  feel  that  these  two  accounts  will  give  a  little 
closer  check  on  these  two  phases  of  the  operations  of  the  Journal. 


While  I  have  found  that  the  accounts  were  accurate  and  the  records 
were  being  satisfactorily  kept,  there  are  several  recommendations  which 
I  would  like  to  make  which  I  feel  would  be  advantageous  to  the  Academy. 

1.  If  I  remember  correctly,  when  the  Journal  was  revived  the 
members  of  the  Academy  were  asked  to  donate  $2  for  a  two-year  period 
to  insure  the  success  and  continued  publication  of  the  Journal.  The 
total  amount  of  these  donations  is  $1380.50,  and  is  carried  in  the  regular 
checking  account  of  the  Journal.  I  feel,  since  it  is  evident  that  the 
Journal  can  be  published  from  the  funds  received  from  the  Academy 
subsidy,  advertising,  and  the  Alderman  Library  subscription,  that  the 
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$1380.50  should  be  taken  out  of  the  checking  account  of  the  Journal 
and  transferred  to  a  savings  account.  If  this  is  done  the  money  will 
earn  a  small  amount  of  interest  and  will  be  available  in  the  future  if 
an  emergency,  not  now  foreseeable,  should  arise.  My  statement,  that 
the  Journal  can  be  published  from  the  regular  income,  is  based  on  the 
results  of  the  audit  which  show  a  net  profit  for  the  year  of  $180.13. 

Further,  it  might  be  well  for  the  Editorial  Board  to  consider  setting 
aside  each  year  a  small  sum  of  money  from  profits  realized  during  the 
year’s  publication  of  the  Journal,  this  sum  to  be  added  to  the  $1380.50 
previously  mentioned.  This  would  further  insure  publication  of  the 
Journal  at  some  future  time  when  income  from  the  Academy  may  not  be 
as  satisfactory  as  it  is  now. 

2.  I  am  a  bit  concerned  about  the  system  in  use  for  the  determination 
of  those  members  of  the  Academy  to  whom  the  Journal  should  be  sent. 
In  checking  the  number  of  Journals  sent  against  money  received  from 
the  Academy,  I  find  the  following  to  be  true  : 

a.  The  January  issue  of  the  Journal  was  sent  to  708  members 
and  at  that  time  money  had  been  received  for  only  641  members.  There 
is  an  apparent  loss  here  of  $134  to  the  Journal. 

b.  The  April  issue  of  the  Journal  was  sent  to  776  members  and 
money  had  been  received  for  only  747  members.  I  have  no  way  of  knowing 
whether  this  constitutes  an  additional  loss  to  the  Journal  or  whether 
part  of  it  is  included  in  the  $134  mentioned  in  a  above. 

The  By-Laws  of  the  Academy  have  set  January  1  as  a  deadline  for 
payment  of  dues  in  so  far  as  receiving  the  Journal  is  concerned.  I 
recommend  that  on  January  1  the  Journal  be  sent  a  list  of  all  members 
in  good  standing  and  at  the  same  time  be  sent  a  check  which  would 
cover  the  numbers  of  names  sent.  When  additional  names  are  sent  they 
should  be  accompanied  by  a  check  covering  in  full  the  number  of  names. 
I  would  further  recommend  that  the  Journal  not  be  sent  to  any  one  for 
whom  the  Academy  has  not  paid  the  $2  subsidy. 

3.  In  checking  the  number  of  Journals  printed  against  the  number 
to  whom  it  was  sent,  I  find  what  I  believe  to  be  an  excessive  overprint. 
The  total  number  of  Journals  distributed  in  July,  1950,  was  1124;  in 
September,  1138;  in  January,  1951,  866;  and  in  April,  935.  I  understand 
that  the  contract  with  the  printer  calls  for  1500  copies  of  each  issue. 
I  feel  it  would  be  advisable  that  in  negotiations  for  next  year’s  contract 
that  this  number  be  reduced  to  say  approximately  1200  minimum  with 
some  type  of  option  clause  put  in  so  that  a  specific  number  of  copies 
could  be  ordered  for  each  Journal  printed.  This  year  circulation  varied 
from  1138  maximum  to  866  minimum,  a  difference  of  272  copies,  and 
there  were  1500  copies  printed  of  each  issue. 

I  feel  that  a  more  complete  check  on  the  list  of  the  members  to 
whom  the  Journal  is  to  be  sent  (as  mentioned  in  section  2  of  this  letter) 
and  a  varying  number  of  copies  printed  for  each  issue  will  enable  the 
Journal  to  effect  some  small  savings  which,  of  course,  will  be  desirable. 

Joe  W.  Guthridge,  Auditor 
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VIRGINIA  POLYTECHNIC  INSTITUTE 
STUDENT  ACTIVITIES  OFFICE  AUDIT  REPORT  FOR 
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Receipts: 

Donations  from  Members  . $  572.00 

Donations  from  Contributing  Members  . 2.50 

Donations  from  Sustaining  Members .  12.00 

Academy  Subsidy  . . . . .  1494.00 

Advertising.  . . . .  455.50 

Alderman  Library  .  150.00 

Subscriptions  . 63.00 

Charges  for  Extra  Pages  .  231.32 

Sale  of  Extra  Copies  of  the  Journal .  16.08 

Special  Donation  . 5.00 


Total  of  all  Receipts . . . . . . $3001.40 

Expenditures: 

Printing  of  Five  Issues  of  the  Journal . $1954.10 

Reprints  of  the  Lead  Article .  163.43 

Mailing  Expenses  of  the  Journal  .  176.99 

Engraving  . .. . . .  228.39 

Stationery  . ; .  27.50 

Miscellaneous  . . ..... .  5.00 


Total  of  all  Expenditures . $2555.41 

Statement  of  Cash  Account: 

Balance  of  Cash  at  Beginning  of  Year . . $2162.33 

Total  Receipts  for  Year . . . .  3001.40 

Total  Cash  on  Hand  During  the  Year  .  5163.73 

Total  Expenditures  for  the  Year .  2555.41 

Balance  of  Cash  at  End  of  the  Year .  2608.32 

Accounts  Receivable .  420.64 


Balance  as  of  May  8,  1951  . $3028.96 


AUDITED  by  Joe  W.  Guthridge,  May  8,  1951 

While  the  current  year  has  been  a  trying  one  for  the  Editorial 
Staff  of  the  Journal,  we  are  happy  to  report  to  the  Academy  that  with 
the  publication  of  the  April  issue  of  the  Journal  on  April  16,  1951,  we 
are  no  longer  behind  schedule. 

We  deeply  regret  that  the  Proceedings  and  the  January  number  of 
the  Journal  were  late  in  being  released  from  the  printer;  however, 
circumstances  beyond  our  control  prevented  an  earlier  publication  date. 
It  is  our  hope  that  such  delays  may  be  avoided  in  the  future. 

Four  numbers  of  the  Journal  have  been  published  since  our  last  report 
was  made  to  the  Academy.  Within  these  issues  three  articles  having  a 
general  appeal  are  presented:  One  deals  with  the  impact  of  atomic 
energy  on  education;  the  second  presents  recent  developments  in  molecu¬ 
lar  physics,  and  the  third  includes  a  brief  summary  of  the  development 
of  the  science  of  Bacteriology.  In  addition  to  these,  17  papers  present¬ 
ing  original  research  are  included  in  the  three  numbers. 
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The  Commonwealth  Press,  Inc.,  under  the  former  management  of 
The  Radford  News  Journal  has  been  awarded  the  contract  for  printing 
the  Journal  for  the  current  year.  The  cost  for  a  regular  page  is  $3.50  for 
1500  copies,  and  $6.00  for  tabular  material  or  pages  bearing  equations. 
The  Editorial  Board,  with  the  approval  of  the  Council,  has  agreed  that 
within  the  six  pages  allowed  the  author  for  each  article,  he  may  include 
no  more  than  one  page  of  tabular  material  or  equations  unless  he  is 
willing  to  assume  the  difference  in  cost  (i.e.,  $3.50  or  $6.00  for  each 
additional  page  of  such  printing). 

It  is  hoped  that  during  the  ensuing  year  we  may  be  able  to  expand 
our  advertisements.  At  the  present  time  we  have  the  equivalent  of  three 
pages,  and  it  is  our  goal  to  double  this  number.  With  the  growing  pres¬ 
tige  and  circulation  of  the  Journal  it  does  not  seem  that  our  aim  in  this 
respect  is  too  ambitious. 

We  now  have  some  half-dozen  manuscripts  in  our  files,  which  will 
insure  a  full  issue  in  July. 

Horton  H.  Hobbs,  Technical  Editor 

REPORT  OF  THE  COMMITTEE  ON  PLACE  OF 
MEETING  FOR  1952 

In  attempting  to  arrange  a  place  of  meeting  for  the  Academy  in 
1952,  the  committee  has  been  guided  by  the  suggestion  of  President 
Horsley  that  it  would  be  appropriate  for  the  meeting  to  be  held  in  the 
Tidewater  section  and  preferably  not  in  Richmond. 

After  investigation  of  various  possible  meeting  places  the  committee 
concludes  that  the  Chamberlin  Hotel  at  Old  Point  offers  the  most  suitable 
facilities  for  an  Academy  meeting.  The  College  of  William  and  Mary 
has  indicated  its  willingness  to  sponsor  the  1952  Academy  meeting  if 
it  can  be  held  in  the  Old  Point  area,  and  the  William  and  Mary-V.P.I. 
Division  at  Norfolk  has  also  expressed  a  desire  to  be  included  in  the 
sponsorship  of  the  meeting. 

The  committee  therefore  recommends  that  the  Thirtieth  Annual 
Meeting  of  the  Virginia  Academy  of  Science  be  held  at  the  Chamberlin 
Hotel,  Old  Point  Comfort,  on  May  8,  9,  and  10,  1952,  and  that  we 
accept  the  sponsorship  of  the  College  of  William  and  Mary  and  the 
Norfolk  Division  for  this  meeting. 

W.  G.  Guy 

REPORT  OF  THE  VIRGINIA  INSTITUTE  FOR 
SCIENTIFIC  RESEARCH 

Although  the  total  resources  of  the  Institute  are  still  small,  its 
second  year  of  operation  has  been  a  successful  one.  The  outstanding 
accomplishment  of  the  year  has  been  the  stabilization  of  the  organization 
and  the  working  out  of  a  practical  system  for  planning,  estimating,  and 
executing  sponsored  research. 
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Research  Activities  during  the  Past  Year :  Research  has  been 
carried  out  largely  in  three  fields.  The  study  of  the  mechanics  of  the 
electroplating  of  nickel  for  the  Harshaw  Chemical  Company  has  been 
continued.  It  is  believed  that  important  results  have  been  obtained,  but 
the  project  is  a  confidential  one  and  the  results  cannot  be  disclosed.  In 
April  Dr.  Leidheiser  presented  a  paper  before  the  Electrochemical  So¬ 
ciety  in  which  he  described  those  results  on  nickel  electroplating  which 
could  be  publicized.  The  second  line  of  study  consists  of,  the  preparation 
for  other  laboratories  of  large  metal  crystals  of  special  shapes  and  sizes. 
Crystals  have  been  prepared  for  the  Atomic  Energy  Commission,  the 
National  Advisory  Committee  for  Aeronautics,  the  Westinghouse  Electric 
and  Manufacturing  Company,  the  Signal  Corps,  and  several  educational 
institutions.  The  third  line  of  study  has  consisted  of  an  effort  to  electro¬ 
plate  titanium.  There  are  large  deposits  of  titanium  ore  in  Virginia  and 
the  metal  itself  has  many  desirable  properties  which  will  increase  its 
use  in  the  future.  Thin  electrodeposits  have  been  obtained,  but  deposits 
of  a  satisfactory  thickness  for  protection  of  the  underlying  metal  have 
not  yet  been  obtained.  A  few  experiments  have  been  carried  out,  largely 
in  connection  with  proposals  for  future  projects,  on  the  Fischer-Tropsch 
synthesis  of  hydrocarbons  from  carbon  monoxide  and  hydrogen.  The  rate 
of  total  research  expenditures  at  the  present  time  is  approximately 
$30,000  a  year. 

Present  Staff :  The  staff  consists  of  a  total  of  seven,  as  follows:  four 
full-time  research  employees.  Dr.  Leidheiser,  and  Messrs.  Straughan, 
Roth,  and  Denise;  a  machinist,  Mr.  Hayes,  who  works  almost  full-time; 
the  secretary,  Miss  McElroy,  who  works  about  half-time ;  and  a  man  who 
comes  in  about  two  days  a  week  for  cleaning  and  odd  jobs.  The  Institute 
is  greatly  indebted  to  its  members  for  their  fine  work  and  loyalty  and  also 
to  Dr.  Robert  Kean,  Secretary  and  Treasurer,  who  without  remuneration 
keeps  all  of  the  financial  accounts  of  the  Institute. 

Plans  for  the  Future :  Past  studies  have  necessarily  been  concerned 
with  the  properties .  of  metal  surfaces  because  of  the  experience  of  our 
staff  in  this  field  and  because  such  studies  could  be  carried  out  with  a 
minimum  of  equipment.  Although  efforts  are  being  made  at  the  present 
time  to  expand  these  studies,  yet  a  special  effort  is  also  being  made  to 
initiate  studies  in  other  fields.  Thus  an  attempt  is  being  made  to  raise 
funds  for  the  purchase  of  an  ultracentrifuge  in  order  that  the  Institute 
might  undertake  both  medical  and  industrial  studies  concerned  with  the 
determination  of  molecular  weights  and  particle  sizes.  An  effort  is  being 
made  to  obtain  sponsorship  for  a  sizeable  project  on  the  catalytic  synthesis 
of  hydrocarbons  from  carbon  monoxide  and  hydrogen.  Negotiations  are 
being  carried  out  with  one  industrial  concern  for  the  determination  of 
molecular  weights  of  certain  raw  materials  with  the  aid  of  the  ultracentri¬ 
fuge. 

During  the  past  year  the  Institute  was  unsuccessful  in  an  application 
to  a  national  foundation  for  a  grant  to  be  used  for  the  purchase  of  basic 
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research  equipment.  The  grant  was  declined  on  the  grounds  that  the 
immediate  purpose  of  the  Institute  was  not  immediately  related  to 
educational  purposes,  which  was  the  primary  concern  of  the  foundation. 

Alan  T.  Gwathmey 

REPORT  OF  THE  COMMITTEE  ON 
ACTIVITIES  FOR  COLLEGIATE  MEMBERS 

The  Collegiate  Members  of  the  Academy  held  their  first  organized 
meeting  on  May  12,  1950  at  a  luncheon  at  the  Hotel  Roanoke.  Including 
the  visitors,  there  were  over  a  hundred  present.  Following  the  luncheon, 
the  students  had  a  long  meeting  and  decided  to  work  actively  for  t^ie 
establishment  of  additional  chapters  in  the  colleges  of  the  state.  A  work¬ 
ing  Committee,  consisting  of  students  of  the  various  colleges  represented, 
was  formed  and  a  meeting  of  this  committee  was  planned  for  later  in  the 
year,  to  be  held  on  the  V.P.I.  campus. 

On  April  20,  1951,  Mr.  William  Kilgore,  Hampden-Sidney ;  Mr. 
William  Hieher,  Washington  and  Lee;  Miss  Dorothy  Moseley,  Radford 
College;  Mr.  Charles  Dorsey,  Virginia  Military  Institute;  and  Mr. 
Robert  Barham,  Virginia  Polytechnic  Institute;  met  on  the  V.P.I.  campus 
and  for  two  days  discussed  the  future  of  the  Collegiate  Chapter  idea. 
Mr.  Harshbarger  met  with  the  committee  on  one  occasion  and  outlined 
the  advantages  of  affiliation  with  the  Academy.  The  chairman  of  the  com¬ 
mittee,  Mr.  William  Kilgore,  will  report  the  findings  of  the  group  to  the 
Collegiate  Members  when  they  meet  at  the  luncheon  at  Lynchburg 
College  on  May  11,  1951  at  12:30  p.m. 

We  hope  that,  with  the  increased  student  interest  shown  this  past 
year,  the  organization  of  Collegiate  Chapters  will  go  forward. 

Joe  W.  Guthridge 

REPORT  OF  THE  JAMES  RIVER  PROJECT  COMMITTEE 

“The  James  River  Basin — Past,  Present,  and  Future”  has  been 
received  by  the  press  with  great  enthusiasm  and  the  highest  praise.  A 
few  excerpts  from  newspaper  editorials,  magazine  book  reviews,  and 
opinions  of  columnists  should  enable  members  of  the  Academy  to  appreci¬ 
ate  the  reception  accorded  their  book  throughout  the  state  and  nation. 

Four  of  Virginia’s  newspapers  made  the  following  editorial  com¬ 
ments  : 

Lynchburg  Daily  Advance :  “Libraries,  schools,  industries,  cham¬ 
bers  of  commerce  will  find  this  monograph  indispensable.  And  all  Vir¬ 
ginians  who  become  familiar  with  it  will  be  grateful  to  the  men  who 
conceived  the  idea  of  the  study  and  to  those  who  have  brought  it  to 
publication.  The  Virginia  Academy  of  Science  has  placed  the  Common¬ 
wealth  deeply  in  its  debt.  It  would  be  pleasing,  and  just,  if  Governor 
Battle  gave  this  the  formal  recognition  of  an  official  statement  to  that 
effect.” 
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Petersburg  Progress  Index :  “Never  before  has  such  a  variety  of 
reliable  information  about  the  James  River  basin  been  served  in  one 
helping.  It  is  a  credit  to  Virginia  scholarship  and  more  especially  to 
the  Virginia  Academy  of  Science.  .  .  . 

Richmond  Times-Dispatch :  “Seldom  has  any  geographical  area 
figuratively  been  placed  under  a  microscope  and  examined  in  so  thorough 
a  manner  as  the  Virginia  Academy  of  Science  has  examined  the  James 
River  basin.” 

Norfolk  Virginian-Pilot :  “The  survey  is  so  thorough  it  is  believed  to 
be  the  only  one  of  its  kind  yet  achieved  about  any  river  in  America.” 

Magazines  of  state  and  national  circulation  gave  these  evaluations 
in  book  reviews : 

Science:  “The  Virginia  Academy  of  Science  is  to  be  congratulated 
on  such  an  excellent  contribution  to  the  ever-expanding  culture  of  the 
South.” 

“The  concept  of  surveying  natural  resources  within  physiographic 
rather  than  political  boundaries  has  been  aptly  exploited  by  the  James 
River  Project  Committee.  The  results  are  highly  satisfactory;  in  fact, 
the  completeness  and  generally  high  caliber  of  the  coverage  of  each 
division  leave  little  to  be  desired.  Considering  the  immense  difficulties  of 
consummating  the  survey,  it  can  boast  of  few  competitors  in  the  United 
States.” 

Nature  Magazine :  “It  would  seem  that  nothing  one  would  wish  to 
know  about  the  historic  valley  of  the  James  has  been  overlooked  in  this 
splendid  volume,  which  is  available  at  an  amazingly  low  price  for  these 
days.” 

Journal  of  Southern  Research:  “This  is  a  work  of  which  the  Virginia 
Academy  can  well  be  proud.  Into  it  has  gone  ten  years  of  effort  by 
scores  of  Virginia  scientists,  educators,  and  industrialists.” 

Virginia  and  the  Virginia  County:  “This  book,  sponsored  by  the 
Virginia  Academy  of  Science,  will  no  doubt  take  its  place  among  valuable 
reference  works  and  books  of  general  interest.  No  Virginian  should  be 
without  a  copy.  Like  ivory  and  old  gold,  it  will  become  more  valuable  with 
time.” 

Two  writers  of  columns  in  Virginia  newspapers  made  the  following 
appraisals  : 

Freer  in  “The  Rambler”  (re  Justus  Cline)  in  the  Lynchburg  News: 
“The  book  provides  within  one  set  of  covers  a  hoard  of  information 
heretofore  widely  scattered  or  perhaps  even  unpublished.  While  not  a 
history  of  Virginia  in  the  true  sense,  there  is  much  valuable  historical 
material  in  it.  It  is  an  undertaking  which  will  have  great  value  for  years 
to  come,  and  of  which  Virginians  may  be  very  proud.” 

Gwathmey  in  Gun  and  Rod,  Richmond  Times-Dispatch :  “There  was 
a  noble  concept  which  prompted  the  Academy  of  Science  to  pursue  its 
exhaustive  studies.  Pause  and  reflect  in  the  march  of  progress!  That  is 
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the  essence.  It  is  fitting,  here  in  the  river  basin  in  which  white  civilization 
first  got  its  start  in  this  country,  that  a  searching  examination  should  be 
made  of  what  changes  have  taken  place  in  the  environment  of  man  in 
these  past  343  years.” 

One  individual’s  observations  are  worthy  of  record;  a  Patron  of 
the  Academy  writes:  “I  found  it  fascinating.  It  is  indeed  a  pioneering 
venture.  I  do  not  know  of  anything  quite  like  it  that  has  been  published. 
.  .  .  Curiously,  the  new  Sacramento  State  College  has  undertaken  a  similar 
work.” 

Publicity  for  the  sale  of  the  books  is  summarized  herewith: 

Five  hundred  letters  were  mailed  to  libraries  in  all  southern  and 
several  eastern  states. 

Ninety-eight  letters  were  mailed  to  Virginia  State  Chambers  of 
Commerce. 

Nine  hundred  notices  and  order  cards  were  sent  to  members  of  the 
Academy. 

An  unknown  number  of  leaflets  and  order  cards  were  sent  to  individ¬ 
uals. 

Press  publicity  (as  far  as  known)  consisted  of  seven  book  reviews, 
four  newspaper  editorials,  and  twenty  newspaper  articles.  Effectively 
these  represented  free  advertising  as  nearly  all  mentioned  the  price  of 
the  volume  and  where  it  could  be  purchased. 

One  paid  advertisement  was  inserted  in  the  Journal. 

In  spite  of  the  gratifying  reception  by  the  press  and  the  extensive 
publicity  given  the  book,  sales  have  been  most  disappointing.  Possibly 
there  has  been  a  degree  of  overoptimism,  but  the  following  financial 
statement  and  statistics  will  give  members  of  the  Academy  an  opportunity 


to  judge  this  for  themselves. 

Total  books  received  from  the  binder  .  2211 

Distribution  as  of  April  30,  1951: 

Complimentary  copies  to  authors,  press,  et 

cetera  . 155 

Sold,  payment  received  at  $6.00  .  218  $1308.00 

Sold,  payment  due  at  $6.00  .  8  48.00 

Total  distributed  .  381 

Total  cash  received  .  $1308.00 

Deposits  in  People’s  National  Bank,  Lexington, 

Virginia  .  1308.00 

Total  expenditures  charged  to  monograph  account 

(See  statement  herewith)  .  183.94 

Balance  on  deposit  in  People’s  National  Bank, 

Lexington,  Virginia  . 1 .  1124.06 

Expenditures  per  book  distributed  .  0.47 

Expenditures  per  book  sold  .  0.80 
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Members  of  the  Academy  should  be  interested  in  the  following 


breakdown  of  sales. 

Purchased  by  individuals  not  members  of  the  Academy  .  35% 

Purchased  by  libraries  . - . - .  34% 

Purchased  by  industries  and  research  organizations  -  16% 

Purchased  by  Academy  members  .  14% 

Purchased  by  Virginia  Chambers  of  Commerce  . . -  1% 


Total  . . .  100% 

Expenditures: 

June  6,  1950 

Check  #1 :  Postmaster — stamps  . . . .$  20.00 

June  19,  1950 

Check  #2:  Postmaster — order  cards  . - . .  10.00 

July  1,  1950 

Check  #3:  Rockridge  Co.  News — printing  order  cards  ....  11.60 

July  6,  1950 

Check  #4:  Postmaster — stamps . . . . .  10.00 

July  21,  1950 

Check  #5:  Postmaster — stamps  . . .  27.03 

July  22,  1950 

Check  #7:  Radford  News-Journal — 500  reprints  Negus 

article  in  the  Journal . . .  12.50 

August  6,  1950 

Check  If 6:  Journalism  Press  Lab. — 3000  reprints  of  two 

editorials  . 25.00 

September  13,  1950 

Check  #7a:  Typing  and  stuffing  500  envelopes  to  libraries  15.75 
September  13,  1950 

Check  #8:  Postmaster — stamps  .  15.03 

October  2,  1950 

Check  #9:  Postmaster — stamps  .  12.00 

January  6,  1951 

Check  #10:  Postmaster — stamps  .  25.03 


Total  expenditures  . $183.94 


Marcellus  H.  Stow 

Motion  was  made  by  Marcellus  Stow,  properly  seconded  and  passed 
that  the  Virginia  Academy  of  Science  offer  its  facilities  to  the  Gov¬ 
ernor’s  Advisory  Council,  to  provide  the  committee  with  any  scientific 
information  that  might  be  required  in  its  various  studies. 

Mr.  George  W.  Jeffers  read  a  letter  from  the  Science  Teachers  of 
Longwood  and  Madison  Colleges,  to  J.  Blair  Buck  concerning  certifi¬ 
cation  of  Science  Teachers,  in  which  they  viewed  with  alarm  the  difference 
in  requirements  such  as  -  12  hours  credit  in  physics,  but  required  45 
hours  credit  for  teachers  of  domestic  science.  After  much  discussion  the 
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Conference  recommended  that  the  Virginia  Academy  go  on  record  as 
approving  the  stand  taken  by  these  science  teachers  and  so  advising  the 
State  Department  of  Education. 

The  changes  of  the  Constitution  and  By-laws  made  by  the  Council 
in  Roanoke  in  1950,  and  published  in  the  January  issue  of  the  Virginia 
Journal  of  Science  were  accepted  by  the  Conference  on  proper  motion 
and  second. 

In  the  report  of  the  Finance  Committee  it  was  recommended  that 
the  honorarium  of  the  Secretary  be  increased  from  three  hundred 
($300.00)  to  four  hundred  ($400.00).  However,  as  Walter  Flory  pointed 
out,  this  was  in  violation  of  the  By-laws,  and  could  only  be  increased  by 
proper  change  in  the  By-laws.  It  was  then  moved  and  seconded  that 
Section  3  of  the  By-laws  concerning  “Reimbursement  of  Officers”  should 
be  changed  to  read  “four  hundred  ($400.00)  per  year”  instead  of  three 
hundred  ($300.00)  and  publication  in  the  Proceedings  of  the  recom¬ 
mended  change  to  be  considered  proper  notice  to  the  membership  as 
required  by  the  Constitution. 

It  was  properly  moved,  seconded,  and  passed,  that  recommendations 
in  the  report  of  the  Resource-use  Committee  be  adopted,  and  all  the 
proper  State  Agencies  be  notified  that  the  Academy  approved  of  these 
recommendations. 

It  was  moved  by  Sidney  S.  Negus,  and  properly  seconded,  and 
unanimously  passed  that  the  Staff  and  Editorial  Board  of  the  Virginia 
Journal  of  Science  be  commended  by  the  Conference  for  their  outstanding 
work,  and  for  the  success  of  the  Journal  for  its  first  full  year.  Copies  of 
this  motion  to  be  sent  to  Boyd  Harshbarger,  Horton  H.  Hobbs,  Jr., 
Mary  E.  Humphreys  and  Clinton  Baber. 

On  proper  motion,  which  was  seconded  and  passed,  the  Conference 
accepted  the  report  of  the  Place  of  Meeting  Committee,  which  recom¬ 
mended  that  the  1952  meeting  be  held  at  the  Chamberlin  Hotel,  Old 
Point  Comfort,  Virginia,  the  second  week  in  May.  The  extension  divisions 
of  the  College  of  William  and  Mary  and  Virginia  Polytechnic  Institute 
at  Norfolk,  will  serve  as  Co-hosts.  By  unanimous  vote,  the  Conference 
extended  the  thanks  of  the  Academy  to  the  Local  Committee  on  Arrange¬ 
ments  for  their  excellent  work.  There  being  no  further  business  the 
Conference  adjourned  at  11:00  P.  M. 


Foley  F.  Smith,  Secretary. 
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Report  of  the  Luncheon  of  Collegiate  Members 

A  luncheon  meeting  for  members  of  collegiate  chapters  and  other 
collegiate  members  of  the  Virginia  Academy  of  Science  was  held  in  the 
college  dining  room,,  Westover  Hall,  Lynchburg  College,  at  12:30  p.m., 
on  Friday,  May  11,  1951. 

Although  there  seems  to  be  a  disappointingly  small  attendance  of 
collegiate  members,  students  from  the  following  colleges  were  recog¬ 
nized  on  the  chairman’s  roll-call:  Emory  and  Henry,  Hampden-Sydney, 
Hollins,  Longwood,  Lynchburg,  Madison,  Randolph-Macon  Woman’s 
College,  Roanoke,  Sweetbriar,  University  of  Richmond,  V.M.I.,  V.P.I., 
and  Washington  and  Lee.  A  large  percentage  of  the  members  of  the  Com¬ 
mittee  on  the  Activities  for  Collegiate  Members  were  also  present,  as 
were  President-Elect  Patterson  and  Secretary-Treasurer  Smith;  in  the 
absence  of  the  committee  chairman.  Joe  Guthridge,  Dr.  Paul  A.  Walker 
served  as  chairman  for  the  day. 

The  first  order  of  business,  after  the  roll-call  and  the  introducing 
of  the  members  of  the  committee  and  Academy  officers,  was  a  report, 
by  Robert  Barham  of  V.P.I.,  covering  the  meeting  held  at  Blacksburg 
on  April  20  and  21  of  certain  collegiate  groups  which  had  already 
organized.  This  meeting  was  called  by  Mr.  Charles  Dorsey,  of  V.M.I., 
for  the  purpose  of  discussing  the  proposal  to  form  collegiate  chapters 
of  the  Academy  at  the  various  schools,  and  was  addressed  by  President 
Harshbarger.  The  discussion  centered  on  the  dual  theme:  what  can  we 
do  for  the  Virginia  Academy  of  Science,  and  what  can  the  Academy  do 
for  us?  At  the  conclusion  of  this  meeting,  the  student  representatives 
elected  the  folowing  to  serve  as  a  Steering  Committee  for  the  “Collegiate 
Section”  of  the  Academy:  William  Kilgore  (Hampden-Sydney)  as  Chair¬ 
man,  Charles  Dorsey  (V.M.I.),  Robert  Barham  (V.P.I.),  Dorothy 
Mosely  (Radford),  and  William  Mieher  (W.  and  L.). 

President-Elect  Patterson  then  addressed  the  group,  stressing  how 
important  it  is  to  the  Academy  to  have  a  younger,  interested  collegiate 
group  in  attendance  at  the  Academy  meetings,  and  active  on  their  own 
campuses  throughout  the  year.  He  outlined  the  steps  necessary  for  the 
establishment  of  a  collegiate  chapter,  and  emphasized  the  fact  that,  for 
a  chapter  to  be  a  success  the  initiative  should  be  with  the  students.  He 
felt  that  the  first  step  should  be  the  establishment  of  a  science  club 
which  is  in  is  own  right  a  going  concern,  and  that  after  this  had  been 
done,  the  Council,  on  petition  by  the  group  to  the  Academy  president, 
could  decide  the  question  of  affiliation. 

There  then  followed  a  general  discussion  of  the  activities  of  the 
committee  during  the  past  year.  The  point  was  made  that  if  there  are 
already  functioning  science  clubs  on  various  campuses,  scientific  fra¬ 
ternities  and  the  like,  these  clubs  should  be  welcomed  as  the  basis  for  new 
chapters.  The  question  was  also  raised  as  to  why  there  was  so  small  a 
turnout  at  the  luncheon,  and  so  few  chapters  already  established  in  the 
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various  Virginia  colleges.  One  point  made  in  discussion  was  that  the 
information  and  publicity  with  regard  to  the  present  meeting  had  not 
been  adequate,  and  several  of  the  students  felt  that  if  more  publicity 
could  be  given  to  the  whole  movement,  not  just  at  Academy  meetings 
but  throughout  the  year  from  time  to  time,  the  result  would  be  more 
interest  and  activity  on  the  part  of  the  students,  whether  members  of 
collegiate  chapters  or  merely  collegiate  members  of  the  Academy. 

With  regard  to  programs  for  science  clubs,  the  services  of  the 
Academy  Speakers  Bureau  were  brought  in  again,  and  suggestions  were 
made,  such  as  the  following:  the  A.A.A.S.  at  one  time  did  have  a  micro¬ 
film  library,  through  which  several  groups  might  secure  films  on  various 
subjects;  the  Esso  Company  has  several  good  scientific  films,  with  pro¬ 
jector  and  operator,  available  for  any  group,  and  many  of  these  are 
on  sound  scientific  subjects. 

The  group  went  on  record  as  favoring  the  idea  of  having  a  section 
of  its  own  for  the  presentation  of  student  papers  or  demonstrations, 
provided  enough  such  could  be  arranged.  It  was  felt  that  the  idea  of 
having  such  a  separate  meeting  would  tend  to  encourage  greater  pro¬ 
ductivity  along  this  line  throughout  the  year,  and  that  this  would  sevve 
as  the  main  “line”  for  the  publicity  to  be  sent  to  the  various  campuses. 
It  was  also  decided  that  a  Central  Committee  should  be  established 
consisting  of  a  student  member  from  each  chapter,  and  a  fncultv  advisor 
from  each  chapter  of  the  Collegiate  Section,  and  that  the  Secretary- 
Treasurer  of  the  Academy  also  be  a  member  of  this  committee.  This 
committee  is  to  serve  as  a  sort  of  middleman  between  the  chapters  °nd 
the  Academy.  President-Elect  Patterson  then  pointed  out  that  in  the 
Steering  Committee  elected  at  the  April  meeting  in  Blacksburg  an 
efficient  committee  is  already  in  existence,  and  suggested  that  these 
students  continue  as  the  Central  Committee  of  the  Collegiate  Section : 
Mr.  William  Kilgore,  of  Hampden-Sydney,  would  then  become,  in  effect, 
president  of  the  Collegiate  Section. 

In  conclusion,  it  was  decided  that  in  spite  of  the  fact  that  but  few 
chapters  have  been  established  up  to  the  present  time,  with  the  AcaT  mv 
on  record  as  supporting  the  movement  there  should  be  a  continuance, 
during  the  coming  year,  of  attempts  to  organize  additional  chapters. 
Furthermore,  during  the  year  all  efforts  should  be  bent  toward  arr  rn  ug 
for  a  separate  meeting  of  the  collegiate  group  at  next  year’s  Academy 
Meetings;  at  this  meeting,  it  is  hoped,  students  from  all  Virginia  cam¬ 
puses  will  present  papers  or  give  demonstrations. 


Paul  A.  Wal 
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Minutes  of  the  Dinner  Meeting 

President  Horsley  presided  at  the  dinner  meeting,  Friday,  May  11, 
held  in  the  Gymnasium  of  Lynchburg  College,  Lynchburg.  Dr  Horsley 
introduced  the  members  at  the  Speaker’s  table  after  a  welcome  was  ex¬ 
tended  to  the  members  of  the  Academy  and  guests  by  Dr.  Orville  Waks, 
president  of  Lynchburg  College. 

After  the  remarks  by  Dr.  Horsley  in  response  to  the  welcome,  Mr. 
John  Forbes,  made  the  report  for  the  Research  Committee,  on  the 
J.  Shelton  Horsley  Award.  Two  papers  received  “Honorable  Mention”: 
“The  Reducing  Action  of  Different  Metals  in  Liquid  and  Ammonia,”  by 
Mr.  Robert  C.  Krug  and  Mr.  George  J.  Hsieh,  Department  of  Chemistry, 
Virginia  Polytechnic  Institute;  and  “Phosphate  Turnover  in  the  Human 
Erythrocyte,”  by  Dr.  D.  R.  H.  Gourley,  Department  of  Pharmacology, 
University  of  Virginia  Medical  School.  Eleven  fine  papers  were  sub¬ 
mitted  for  the  J.  Shelton  Horsley  Research  Award,  which  was  given 
to  Mr.  D.  B.  Duncan,  University  of  Sydney,  and  Virginia  Agricultural 
Experiment  Station  of  the  Virginia  Polytechnic  Institute,  for  his  paper: 
“A  Significance  Test  for  Differences  between  Ranked  Treatments  in 
an  Analysis  of  Variance;  the  Properties  of  the  Multiple  Comparison 
Test.”  Mr.  Duncan  gave  a  brief  resume  on  the  objectives  outlined  in  his 
paper. 

The  report  of  the  Committee  on  Resolutions  was  read  and  adopted, 
as  was  the  report  of  the  Committee  on  Place  of  Meeting  in  1951.  The 
Hotel  Chamberlin,  Old  Point  Comfort,  Virginia,  was  selected  as  the 
meeting  place  for  the  Academy  in  1952,  on  May  8,  9,  10.  [Editor’s 
Note:  Due  to  a  conflict  after  the  adoption  of  this  report,  it  has  been  de¬ 
cided  by  the  Council  to  hold  the  meeting  at  the  Chamberlin  on  May  15, 
16,  and  17,  instead  of  the  8-10.] 

Following  these  reports,  Dr.  Sidney  S.  Negus,  chairman  of  the 
Nominating  Committee,  presented  the  report  of  this  committee,  nom¬ 
inating  for  president,  Paul  M.  Patterson;  president-elect,  Lloyd  C.  Bird; 
secretary-emeritus  of  the  Academy,  E.C.L.  Miller;  secretary-treasurer, 
Foley  F.  Smith;  and  I.  G.  Foster,  member  of  the  Council  to  succeed 
Edward  Harlow. 

On  proper  motion  it  was  seconded  and  passed  that  the  nominations 
be  closed,  and  the  report  of  the  Nominating  Committee  was  unanimously 
accepted. 

The  thanks  of  the  Academy  was  extended  to  Mr.  Harlow  for  his  work 
on  the  Council  during  his  five-jmar  term  of  office. 

W.  E.  Trout  presented  the  report  of  the  Resolutions  Committee. 
The  following  resolutions  were  adopted: 

Be  it  resolved  that  the  Virginia  Academy  of  Science  record  its  grate¬ 
ful  appreciation  to  its  host,  Lynchburg  College,  to  the  administration, 
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faculty,  and  students,  for  making  available  not  only  the  entire  physical 
plant,  but  also  their  own  time,  energy,  and  thought. 

Be  it  further  resolved  that  the  Local  Committee  on  Arrangements, 
under  the  leadership  of  Harold  H.  Garretson  and  Ruskin  S.  Freer,  be 
commended  for  the  excellence  of  their  contributions  to  a  successful 
meeting. 

Be  it  further  resolved  that  the  Academy  expresses  its  thanks  to  the 
Lynchburg  Chamber  of  Commerce  for  its  generous  contribution  toward 
the  prizes  awarded  in  the  Junior  Academy  of  Science. 


IN  MEMORIAM 

Dean  Wortley  H.  Rudd  . 

. July  1950 

Dean  Harry  Bear  . . 

. August  1950 

Donald  W.  Davis  . 

. August  1950 

Spencer  Carter 

Charles  W.  Johnston  — . 

. October  1950 

Leland  Snoddy  . 

Dr.  Dudley  C.  Smith  . 

. August  1950 

President  Horsley  presented  the  speaker  of  the  evening,  Colonel 
William  S.  Stone,  Medical  Corps,  Army  Medical  Service  Graduate 
School,  Washington,  D.  C.,  who  discussed  the  medical  research  in  na¬ 
tional  defense  being  done  by  the  Army. 

In  his  address,  Colonel  Stone  said  the  Army’s  medical  research 
program  is  centered  primarily  on  the  selection,  classification,  and  assign¬ 
ment  of  manpower  from  the  health  viewpoint  for  its  most  efficient  use 
during  critical  periods;  mental  and  physical  reactions  to  stress  as  they 
apply  in  war ;  and  man’s  adaptation  and  limitations  in  use  of  equipment. 

Army  researchers,  the  speaker  pointed  out,  are  careful  not  to  dupli¬ 
cate  needlessly  work  being  done  in  civil  life  or  by  civilian  governmental 
agencies.  Basically,  he  said,  the  Army  is  charged  with  providing  techni¬ 
cal  information,  methods,  and  material  for  health  practices  in  national 
defense  that  are  not  available  from  normal  civilian  sources.  Planning, 
supervision,  and  control  of  Army  research  projects  is  done  mainly 
through  the  National  Research  Council  in  the  National  Academy  of 
Sciences.  The  researcher  himself,  however,  is  not  “needlessly  restricted,” 
Colonel  Stone  said. 

He  pointed  to  work  being  done  at  the  Medical  College  of  Virginia 
in  the  field  of  thermal  burns  and  thermal  burns  complicated  by  other 
factors  as  an  example  of  “how  a  democratic  government  can  provide 
support  and  environment  for  good  research.” 

As  for  appropriations,  Colonel  Stone  said  “it  is  our  experience  that 
if  a  budget  is  made  up  of  worthy  projects,  the  possibility  for  support  by 
government  is  as  good  as  or  better  than  that  of  any  individual  or  private 
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agency.”  Support  for  science  from  political  and  administrative  levels 
in  the  government  is  effectively  secured  by  keeping  congressmen  informed 
on  the  needs  of  science,  and  actively  participating  in  the  National 
Academy  of  Sciences  so  its  advice  to  government  is  competent  and 
science’s  position  is  as  strong  as  or  stronger  than  that  enjoyed  by  the 
academies  of  science  of  France,  Germany,  Great  Britain,  and  other 
leading  nations,  Colonel  Stone  concluded. 

After  Colonel  Stone’s  talk,  the  new  officers  were  introduced  and 
installed  by  President  Horsley. 

The  meeting  was  adjourned  to  attend  the  Civil  Defense  program 
in  the  auditorium  of  the  Main  Building.  The  program  for  this  meeting 
appears  elsewhere  in  the  Proceedings. 


Foley  F.  Smith,  Secretary 
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Minutes  of  Council  Meeting 

A  meeting  of  the  Council  on  Saturday,  May  12,  was  held  in  the 
Faculty  Lounge,  Lynchburg  College,  Lynchburg,  at  10  A.  M.  The  fol¬ 
lowing  were  present:  President  Paul  M.  Patterson;  Ladley  Husted, 
Marcellus  Stow,  Guy  W.  Horsley,  Allan  Gwathmey,  John  N.  Buck, 
I.  G.  Foster,  and  Foley  F.  Smith.  The  meeting  was  called  to  order  by 
President  Patterson.  First  order  of  business  was  to  review  the  recom¬ 
mendations  of  the  Resource-Use  Committee,  which  were  approved  by 
the  Conference,  and  properly  moved,  seconded,  and  passed,  that  these 
recommendations  be  officially  sent  to  the  appropriate  State  Departments 
and  copy  sent  to  Mr.  Alfred  Wingo. 

The  question  of  the  Exchange  of  Foreign  Students  Committee  was 
discussed;  it  was  recommended  that  President-Elect  Bird  consult  with 
Dr.  Fischer  on  the  advisability  of  continuing  the  Committee. 

The  Council  expressed  their  formal  thanks  to  Dr.  Guy  W.  Horsley 
for  his  service  as  President  of  the  Academy. 

President  Patterson,  President-Elect  Bird,  and  Foley  F.  Smith,  were 
officially  designated  to  attend  the  meeting  of  the  AAAS  in  Philadelphia 
1950-51,  for  the  Academy  Conference. 

Formal  action  was  taken  by  the  Council  on  the  recommendation  of 
the  Academy  Conference,  that  the  present  By-Laws  concerning  the  Secre¬ 
tary-Treasurer  salary  be  deleted  and  the  following  substituted:  “That  the 
Council  on  recommendation  of  the  Finance  Committee,  fix  the  salary  of 
the  Secretary-Treasurer  annually.”  Publication  of  this  change  in  the 
Proceedings  is  to  constitute  notification  to  the  membership  as  required 
by  the  Constitution. 

It  was  recommended  that  a  person  be  appointed  to  advise  the  Local 
Committee  on  Arrangements  as  to  the  requirements  of  the  Academy  at 
its  annual  meetings.  This  person  to  be  continued,  if  possible,  in  order 
that  the  changing  committee  on  Local  Arrangements  would  have  the 
benefit  of  past  experience.  Mr.  Edward  Harlow  and  the  Secretary- 
Treasurer  were  appointed  to  this  post. 

The  expenses  of  the  Collegiate  Steering  Committee  were  authorized 
to  be  paid  by  the  Academy  to  the  extent  of  postage  and  stationery  in 
order  to  finance  the  organization  of  the  committee. 

It  was  recommended  for  future  Council  meetings  that  all  Academy 
Committee  personel  be  discussed  at  the  Fall  Council  meeting  so  that  the 
President-Elect  can  be  properly  informed  for  his  appointments  for  the 
following  annual  meeting. 

It  was  properly  moved,  seconded  and  passed,  that  the  change  in 
By-Laws  concerning  expenses  of  the  representative  of  the  Virginia 
Academy  to  the  AAAS  meeting  be  changed,  as  noted  in  the  Minutes  of 
the  Meeting  of  the  Council,  May  10.  Publication  of  this  change  in  the 


Proceedings  1950-1951 


287 


Proceedings  to  constitute  notification  to  the  membership  as  applied  by 
the  Constitution. 

It  was  properly  moved,  seconded  and  passed  that  Section  7 
-  “Changes  in  these  By-Laws”,  be  changed  to  read  as  follows:  “These 
By-Laws  may  be  changed  or  amended  at  any  meeting  of  the  Council  by 
two-thirds  majority  vote  of  those  present,  subject  to  approval  of  the 
Academy  Conference  at  the  annual  business  meeting.” 

The  reason  for  this  change  is  to  allow  the  governing  body  of  the 
Academy,  which  is  the  Council,  to  act  in  the  interim,  particularly  in  cases 
of  emergency,  where  it  would  not  be  advisable  to  wait  for  an  annual 
business  meeting  before  action  could  be  taken  relative  to  change  in 
By-Laws,  as  is  now  necessary  under  the  present  wording  of  Section  7. 

Publication  of  this  proposed  change  in  the  Proceedings  is  to  consti¬ 
tute  notification  to  the  membership  as  required  by  the  Constitution. 

The  question  of  “Science  Fairs”  were  discussed,  and  it  was  decided 
that  the  Academy  lend  its  name  in  support,  and  in  sponsoring  of  such 
Fairs  in  coordination  with  Science  Service,  provided  that  there  be  no 
financial  obligation  on  the  part  of  the  Academy  for  such  projects. 

There  being  no  further  business  the  meeting  adjourned  at  11 :4 5  A.M. 

Foley  F.  Smith,  Secretary . 

Tabulation  of  Registration 


Members  Non 

-Members 

Total 

1.  Agricultural  Sciences  . 

13 

6 

19 

2.  Astronomy,  Mathematics,  and  Phy¬ 
sics  . 

42 

29 

71 

3.  Bacteriology  . 

7 

3 

10 

4.  Biology  . 

74 

18 

92 

5.  Chemistry  . 

55 

20 

75 

6.  Education  . 

5 

5 

7.  Engineering  . 

13 

7 

20 

8.  Geology  . 

27 

10 

37 

9.  Medical  Sciences  . 

22 

6 

28 

10.  Psychology  . 

27 

9 

36 

11.  Science  Teachers  . 

18 

3 

21 

12.  Statistics  . 

11 

1 

12 

No  Designated  Section  . 

15 

27 

42 

TOTAL  Senior  Academy  . 

329 

139 

468 

TOTAL  REGISTRATION 

1950  Roanoke  Meeting  Registration  ..  782 
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Minutes  of  the  Council  Meeting 
Charlottesville,  June  3,  1951 

A  meeting  of  the  Council  was  called  by  President  Patterson,  and 
held  in  the  Alderman  Library,  University  of  Virginia,  Charlottesville, 
3  June  1951. 

President  Patterson  called  the  meeting  to  order  with  the  following 
members  present;  I.  G.  Foster,  President-Elect  Lloyd  C.  Bird,  Horton  H. 
Hobbs,  Jr.,  Mary  E.  Humphreys,  Dean  Ivey  Lewis,  Allan  Gwathmey, 
Clinton  Baber,  Boyd  Harshbarger,  Ladley  Husted,  Marcellus  Stow, 
and  Foley  F.  Smith. 

President  Patterson  announced  that  Grover  Everett,  Lynchburg 
College,  had  accepted  the  Chairmanship  of  the  Junior  Academy  of 
Science  Committee,  and  that  John  E.  Hocutt,  Dean  of  Men  at  the  College 
of  William  and  Mary,  had  accepted  the  Chairmanship  of  the  Science 
Talent  Search  Committee.  Mr.  Edward  Harlow  was  confirmed  as  a 
permanent  liason  efficer  to  represent  the  Academy  with  all  Local  Arrange¬ 
ment  Committees. 

President  Patterson  presented  a  letter  submitted  by  John  N.  Buck 
whose  term  as  Councillor  expires  in  1953;  stating  it  was  necessary  for 
him  to  resign  because  of  ill  health.  The  resignation  was  regretfully 
accepted;  but  no  action  was  taken  at  this  time  concerning  an  interim 
appointment  to  serve  for  the  balance  of  his  term. 

Boyd  Harshbarger,  Editor-in-Chief  gave  a  report  on  the  policies 
and  the  financial  condition  of  the  Virginia  Journal  of  Science,  and  stated 
that;  due  to  the  extremely  strict  postal  regulations,  it  was  necessary  that 
all  delinquent  members  would  have  to  have  their  remittance  accompany 
their  names  when  reinstated  on  the  subscription  list  to  the  Journal.  The 
amount  due  to  the  Journal  from  the  Treasurer’s  last  report  at  the  May 
meeting  was  turned  over  to  Mr.  Harshbarger,  balancing  all  accounts 
between  the  Secretary-Treasurer’s  office,  and  the  Virginia  Journal  of 
Science  as  of  this  date.  It  was  pointed  out  that  it  would  be  necessary  to 
hold  all  Committee  reports  under  six  hundred  words  for  publication  in 
the  Journal,  and  also  that  any  invited  addresses  before  the  Academy 
need  not  necessarily  be  published  in  full.  It  was  moved,  seconded  and 
passed  that  the  Editorial  Staff  be  given  authority  to  publish  all,  part, 
or  none  of  the  invited  papers  at  the  annual  meeting;  judging  them  on 
their  scientific  value. 

It  was  moved,  seconded  and  passed  that  the  publishing  contract  for 
the  Journal  be  renewed  with  the  Commonwealth  Publishing  Company, 
of  Radford,  on  the  same  basis  as  that  of  last  year. 

I.  G.  Foster  and  President  Patterson,  were  appointed  as  a  committee 
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to  settle  any  differences  that  might  arise  between  the  Secretary- 
Treasurer’s  office,  and  the  Editorial  Staff  of  the  Journal. 

A  short  history  of  the  background  of  the  Academy  was  given  by 
Dean  Ivey  Lewis,  emphasizing  the  very  important  work  done  by  E.C.L. 
Miller,  in  founding  the  Academy  and  doing  the  large  amount  of  work 
entailed  for  such  an  organization.  He  pointed  out  that  there  was  no 
one  single  controlling  geographical  section  in  the  Academy,  but  that  all 
members  of  the  various  sections  should  be  willing  to  cooperate  with 
other  sections  to  further  the  aims  and  projects  of  the  Academy. 

There  being  no  further  business  the  meeting  adjourned  at  4:30  P.M. 

Foley  F.  Smith,  Secretary. 
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Minutes  of  the 

Junior  Academy  of  Science  Business  Meeting 

At  3:30  p.m.  the  Junior  Academy  held  its  business  meeting  in  the 
Lynchburg  College  auditorium.  Education  of  officers  was  held  at  this 
meeting  which  was  presided  over  by  Billy  Graham  of  Woodrow  Wilson 
Memorial  High  School  of  Fishersville.  The  guest  speaker  was  Professor 
Harold  H.  Garretson,  who  talked  on  what  constitutes  a  life  of  science. 
He  illustrated  his  discussion  with  examples  of  scientific  endeavor  and 
ingenuity  from  the  life  history  of  a  great  scientist.  Dr.  Irving  Langmuir. 

Minutes  of 

Virginia  Junior  Academy  of  Science  Banquet 

Junior  Academy  members  held  their  annual  banquet  at  the  Dining 
Room  of  Westover  Hall,  Thursday  evening. 

Dr.  Scherer  announced  the  top  15  of  the  45  contestants  participating 
in  the  Science  Talent  Search,  and  awarded  them  certificates.  Honorable 
Mention  awards  in  the  interviews  were  made  to  the  other  candidates  who 
were  interviewed  in  Lynchburg.  Dr.  Scherer  pointed  out  that  several 
scholarships  were  available  to  those  who  participated  in  the  State  Talent 
Search  contest  and  won  top  ratings. 

Dr.  Ladley  Husted,  Chairman  of  the  Miller  School  of  Biology, 
University  of  Virginia,  delivered  the  following  address. 

TRAINING  FOR  A  CAREER  IN  SCIENTIFIC  RESEARCH 

A  year  ago  today  the  members  and  guests  of  the  Junior  Academy  of 
Science,  after  a  series  of  presentations  and  announcements  such  as  have 
been  made  this  evening,  were  pleased  to  have  Mr.  Flory  of  The  Blandy 
Experimental  Farm  speak  on  “Science  and  Technology.”  In  closing 
Mr.  Flory  urged  that  you  “work  diligently  to  acquire  a  sound  founda¬ 
tional  basis  in  all  aspects  of  science  and  particularly  in  the  science  of 
your  choice.”  These  words  of  sound  advice  were  made  on  the  assumption 
that  the  members  of  the  Junior  Academy  are  gentlemen  and  ladies 
interested  in  pursuing  a  career  in  science  as  signified  by  their  presence 
at  the  meeting  of  last  year.  I  shall  make  no  such  assumption. 

It  has  come  to  my  attention,  during  many  more  years  of  college 
teaching  than  I  care  to  admit,  that  very  few  students  know  what  science 
is,  or  know  if  they  are  interested  in  pursuing  a  scientific  career.  A 
college  teacher  so  frequently  hears  the  expression — “Science  says” —  such 
and  such.  It  is  implied  that  because  a  vague  something  referred  to  as 
“Science”  says  it  is  so,  it  must  be  so.  Such  “faith  passeth  all  understand- 
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mg.”  The  expression  savours  of  the  dark  ages  when  all  mankind,  or 
nearly  all,  bowed  down  to  the  word  of  authority  without  a  qualm  of 
conscience  or  a  spark  of  reason. 

I  do  not  propose  to  tell  you  in  two  sjdlable  words  what  science  is. 
I  shall,  however,  follow  Sherwood  Taylor  (the  author  of  Concerning 
Science )  and  adequately  define  science  in  as  few  words  as  possible.  The 
definition  will  be  unintelligible.  I  shall  urge  you  to  go  back  to  your 
homes  and  classrooms  and  by  study  and  thought  put  your  minds  in 
order,  find  out  what  science  and  the  sciences  are,  and  decide  if  a  career 
in  science  is  of  interest  to  you  as  it  is  to  me  and  the  majority  of  the 
members  of  the  Senior  Academy.  I  anticipate  some  of  you,  possibly  all 
of  you,  will  eventually  come  to  some  relatively  clear  understanding  of 
what  science  and  the  scientific  method  are.  You  may  even  reach  the 
ethical  conclusion  that  a  career  in  science  is  what  you  most  desire. 

Words  change  as  mankind  grows  older.  The  Latin  word  scientia 
and  our  word  science  at  one  time  were  used  to  delineate  “any  -kind  of 
expert  knowledge.”  Science  today  is  not  so  defined.  According  to  Taylor 
“a  well  known  historian  has  defined  science  as  ‘only  another  name  for 
the  careful  and  scrupulous  use  of  the  human  mind/  ”  This  is  too  broad 
a  definition. 

Science  has  so  many  essential  features  that  it  must  be  defined  in 
this  way:  “Science  is  knowledge  obtained  by  (1)  making  observations 
as  accurately,  definite,  relevant  and  verifiable  as  possible,  (3)  record¬ 
ing  these  intelligibly,  (3)  classifying  them  according  to  the  subject  being 
studied,  (4)  extracting  from  them  by  induction  general  statements  (laws) 
which  assert  regularities  concerning  the  whole  class,  (5)  deducing  other 
general  statements,  (6)  verifying  these  statements  by  further  obser¬ 
vation,  (7)  propounding  theories  which  connect  and  so  account  for  the 
largest  possible  number  of  these  laws.” 

If  this  definition  is  unintelligible,  find  out  what  science  is.  When  you 
find  yourself  saying  “Science  says” — bear  in  mind  that  nothing  has  even 
temporarily  displaced  “Our  Father  who  art  in  heaven.”  If  the  definition 
discourages  you,  take  heart  and  be  assured  that  most  of  the  recruits  in 
the  large  army  of  scientists  today  have  neither  extracted  a  law  by 
induction  nor  knowingly  propounded  a  theory. 

After  you  have  considered  science  and  the  scientific  method  decide 
whether  you  ought  to  aspire  to  a  career  in  scientific  research.  Scientific 
thinking  cannot  aid  you  in  reaching  this  conclusion.  “The  whole  of  science 
is  derived  from:  ‘A  is  B,  A  does  B;  when  X  is  Y  then  A  is  B.  It  should 
be  obvious  that  statements  such  as  these  cannot  give  rise  to  the  notion 
of  should  or  ought  ” 

When  you  decide,  if  you  do,  to  enter  some  field  of  science  you  can 
ask — what  kind  of  training  is  needed  for  a  career  in  scientific  research  ? 
I  shall  try  to  tell  you  what,  in  my  opinion,  is  the  kind  of  training  that 
such  a  career  demands.  This  opinion — and  there  are  others —  is  based 
on  some  experience  and  several  years  of  study  as  a  member  of  the 
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Liberal  Arts  Committee  of  the  College  of  Arts  and  Sciences  of  the 
University  of  Virginia.  You  may  be  aware  that  colleges  and  universities 
are  ever  trying  to  improve  their  methods  of  teaching,  the  content  of 
their  courses  and  the  varietj^  of  courses  offered  to  those  who  choose  to 
learn.  Faculty  committees  periodically  examine  the  curriculum,  or  course 
of  study,  add  requirements,  delete  others.  Often  little,  sometimes  much 
is  accomplished.  The  Liberal  Arts  Committee  was  appointed  during  a 
period  of  curriculum  reexamination.  It  was  set  up  to  provide  the  faculty 
of  the  University  alternative  plans  and  procedures.  For  a  period  of  five 
years  it  has  presented  summaries  of  the  courses  of  study  offered  at  various 
institutions  of  higher  learning  as  these  courses  are  changed  from  year  to 
year. 

What  kind  of  basic  training  does  a  career  in  scientific  research 
demand?  The  answer  is — a  liberal  education.  “A  liberal  education,”  and 
I  quote  from  a  bulletin  of  the  University  of  Buffalo,  “tends  to  produce 
a  man  who  can  see  each  aspect  of  life  in  its  relation  to  life  as  a  whole. 

has  an  understanding  of  the  physical  world  in  which  he  lives.  He  has 
learned  to  base  his  conclusions  on  reliable  evidence,  in  restraint  of  hope, 
fear,  habit,  and  prejudice.  He  has  a  clear  and  sound  conception  of  what 
is  proper  in  the  relations  between  man  and  man,  and  between  the  indi¬ 
vidual  and  society.  He  can  interpret  present  phenomena  in  the  light  of 
the  past.  His  vision  goes  beyond  his  own  time  and  place ;  and  his  emotions 
have  been  refined  and  matured.  He  can  learn  from  his  own  experience; 
but  far  more  important  than  that,  he  has  acquired  the  art  of  learning  from 
the  experience  of  the  race  as  it  is  recorded  in  the  formulae  of  the  scien¬ 
tist,  the  hypotheses  and  conclusions  of  the  historian  and  the  economist, 
the  wisdom  of  the  philosopher,  the  aspirations  and  tragedies  of  the 
human  spirit  as  they  are  made  clear  in  the  monument  of  poet,  artist,  and 
musician.  The  liberally  educated  man  has  learned  to  assimilate  this 
knowledge,  and  make  it  part  of  himself — a  governing  force  in  his  daily 
life.” 

Certain  aspects  of  a  liberal  education  should  provide  the  properly 
endowed  student  with: 

( 1 )  A  command  of  his  own  language. 

(2)  A  knowledge  of  the  more  important  foreign  languages  in  which 
scientific  papers  are  written. 

(3)  A  command  of  the  language  of  science — arithmetic,  algebra, 
geometry,  trigonometry,  the  calculus,  and  statistics. 

(4)  A  knowledge  of  the  elements  of  all  the  sciences  together  with 
a  conception  of  the  nature  of  science  in  general. 

(5)  The  facts  of  a  particular  science  chosen  as  a  speciality. 

(6)  The  technique  of  extracting  from  the  mass  of  scientific  litera¬ 
ture  the  information  he  wishes  to  have  at  his  command. 

(7)  The  ability  to  solve  problems,  and 

(8)  Intuitive  judgment. 
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The  formal  portion  of  your  liberal  education  has  begun.  The  in¬ 
formal  portion  will  never  be  completed.  I  hope  many  of  you  will  find  it 
possible  to  attend  a  college  or  university  where  the  formal  features  of 
a  liberal  education  will  be  continued,,  and  a  brief  introduction  to  a 
particular  specialty  can  be  experienced.  I  hope  some  of  you,  after  four 
years,  may  enter  into  “a  period  of  real  scientific  work  under  skilled 
supervision”  in  a  graduate  school  and  after  four  or  five  more  years  will 
develop  the  ability  to  solve  problems  and  the  intuitive  judgment  of  great 
scientists. 

I  hope  each  of  you  who  decides  he  ought  to  enter  some  field  other 
than  scientific  research,  will  keep  well  in  mind  that  the  research  workers 
of  the  past  have  “revolutionized  man’s  way  of  thinking  and  doing. 
Because  of  their  achievements,  our  relations  to  the  world  in  which  we 
live  and  to  our  fellow  men  have  come  to  depend  upon  science.  .  .  .  Through 
their  discoveries  there  has  been  created  a  civilization  which  requires 
scientists  for  its  operation,  and  each  new  development  demands  still  more 
research  to  solve  new  problems  which  are  thus  created.” 

I  hope  all  of  you  will  remember,  as  Bronk  has  pointed  out,  “new 
ideas  and  concepts  are  formed  within  a  single  mind.  Great  scientific 
discoveries  will”  in  the  future  “be  made  by  individuals  ...  as  surely  as 
will  the  creations  of  great  music  and  sculpture  and  art.” 

I  hope  all  of  you  will  appreciate  and  sense  the  full  meaning  of  a 
quotation  from  Louis  Pasteur  that  someday  will  be  inscribed  on  a  Life 
Science  Building  at  the  University  of  Virginia:  “Take  interest,  I  implore 
you,  in  those  sacred  dwellings  which  one  designates  by  the  expressive 
term  laboratories.  Demand  that  they  be  multiplied,  that  they  be  adorned. 
These  are  the  temples  of  the  future,  temples  of  well  being  and  happiness.. 
There  it  is  that  humanity  grows  greater,  stronger,  better.” 

A  social  hour  followed  the  banquet,  and  the  program  ended  at 
approximately  8  :00  P.  M.  The  success  of  the  day’s  activities  was  largely 
the  result  of  the  efficient  and  careful  planning  of  the  local  arrengements 
committee.  Special  thanks  are  due  to  Drs.  Sibley,  Freer,  and  Garretson 
for  their  efforts  in  carrying  out  a  successful  Junior  Academy  program. 

Bryon  N.  Cooper 
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Minutes  of  the 

Section  of  Agricultural  Sciences  [1] 

S.  F.  Thornton,  Chairman 
E.  Mapp  Dunton,  Jr.,  Vice-Chairman 
R.  C.  Carter,  Secretary 
T.  J.  Nugent,  Section  Editor  (1951) 

FRIDAY,  MAY  11,  1951—9:30  A.  M.— ROOM  15,  MAIN 

BUILDING 

1.  An  Attempt  to  Control  Growth  in  a  Willow  Oak  ( Quercus  phellos) 

Hedge  With  Maleic  Hydrazide. 

W.  S.  Flory,  Jr.;  The  Blandy  Experimental  Farm,  University  of 
Virginia,  Boyce. 

Some  advantages  of  Quercus  phellos  as  an  ornamental  for  the  south¬ 
eastern  states  are  pointed  out.  Plants  of  this  species  make  an  excellent, 
and  beautiful  hedge,  kike  most  woody  hedges,  however,  it  is  laborious 
to  prune  and  keep  in  formal  shape.  Maleic  hydrazide  sprays  were  used 
in  1950  in  an  effort  to  inhibit  growth  and  reduce  the  amount  of  pruning 
required.  Sprays  with  concentrations  of  the  active  maleic  hydrazide 
ingredient  of  approximately  .125%,  .25%  and  .375%  were  used.  (These 
were  made  up  by  using  about  three  pounds,  six  pounds,  and  nine  pounds, 
respectively,  of  the  diethanolamine  salt  per  100  gallons  of  spray.)  No 
apparent  differences  were  noted  in  rate  of  growth  from  sprayed  and  un¬ 
sprayed  portions  of  the  hedge,  following  any  of  the  spray  applications. 
This  species  may  be  resistant  to  foliage  sprays  of  maleic  hydrazide,  as 
White  found  to  be  true  with  apples  and  cherries;  or  higher  concentrations 
of  the  chemical  than  those  usually  used  may  be  required  to  inhibit 
growth  of  oaks. 

2.  Preservation  of  Color  and  Flavor  in  Grated  Horseradish 

Lyle  L.  Davis;  Virginia  Agricultural  Experiment  Station,  Blacks¬ 
burg. 

Grated  horseradish  exposed  to  light  and  air  turns  amber  to  brown 
in  color,  becomes  soft  and  mushy,  loses  typical  flavor  and  aroma,  and 
ultimately  develops  an  objectionable  odor.  Commercial  manufacturers 
know  that  the  shelf  life  does  not  ordinarily  exceed  three  weeks. 

A  concentration  of  0.05%  potassium  metabisulfite  in  grated  horse¬ 
radish  is  as  effective  in  preventing  loss  of  color,  when  stored  at  70-75°F., 
as  0.10  and  0.15%  potassium  metabisulfite;  however,  an  increase  of 
concentration  to  0.20%  will  decrease  color  change. 

At  room  temperature,  a  concentration  of  0.05%  potassium  metabisul¬ 
fite  will  prolong  the  shelf  life  of  horseradish  to  at  least  six  weeks. 

A  concentration  of  0.20%  potassium  metabisulfite  in  horseradish  will 
permit  storage  for  as  much  as  six  weeks  with  only  a  little  change  in 
color  and  flavor. 
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3.  Pine  Mouse  Control  by  Ground  Sprays. 

Frank  Horsfall^  Jr.;  Virginia  Agricultural  Experiment  Station, 
Blacksburg. 

Aldrin,  dieldrin,  and  parathion  were  employed  as  rodenticides 
against  pine  mice  in  apple  orchard  ground  floor  sprays.  Parathion,  used 
ineffectively  at  3.6  lbs.  of  100%  product  per  acre,  appeared  to  repel  mice 
and  to  force  them  to  live  underground  for  a  week  to  ten  days,  with 
probable  increased  hazard  to  trees.  The  evidence  tends  to  alleviate  fears 
that  parathion  might  be  destructive  to  wild  life  in  contiguous  tracts 
surrounding  orchards  receiving  insecticidal  sprays.  Pine  mice  practically 
disappeared  from  one  small  plot  and  an  isolated  orchard  given  uniform 
complete  coverage  of  the  orchard  floor  at  the  rate  of  four  pounds  of 
actual  dieldrin  per  acre.  Some  replicated  small  plot  results  with  both 
dieldrin  and  aldrin  were  inconclusive  because  the  protective  border 
strips  were  insufficient  in  width. 

4.  Some  Aspects  of  Insect  Control. 

R.  N.  Hofmaster:  Virginia  Truck  Experiment  Station,  Norfolk. 

Normally,  nature  remains  more  or  less  in  a  state  of  equilibrium. 
When  anything  upsets  this  “balance  of  nature”,  a  relatively  minor  group 
may  increase  to  a  position  of  major  dominance.  Insect  outbreaks  are 
an  example  of  this  phenomenon.  Unfortunately,  many  of  our  newer 
insecticides,  being  nonselective,  kill  beneficial  as  well  as  harmful  species. 
As  a  result,  we  are  now  confronted  with  new  and  severe  insect  problems. 
The  use  of  systemic  insecticides  and  the  possibility  of  controlling  insects 
through  altering  their  nutritional  requirements  are  two  developments  that 
may  prove  very  effective.  Inasmuch  as  the  systemics  are  absorbed  by 
the  plant  and  are  translocated  to  various  parts,  good  coverage  and 
weathering  are  of  secondary  importance.  There  are  definite  indications 
that  changing  the  diet  of  certain  insects  will  lower  their  reproductive 
potential;  e.g.,  the  chinch  bug  has  been  shown  to  be  allergic  to  high 
levels  of  nitrogen. 

5.  Sprays  for  Control  of  the  Oriental  Fruit  Moth. 

Marvin  L.  Bobb;  Virginia  Agricultural  Experiment  Station, 
Charlottesville. 

The  following  insecticides  were  tested  during  1949  and  1950  as  sprays 
for  the  control  of  the  oriental  fruit  moth:  chlordan,  dieldrin,  aldrin, 
benzene  hexachloride,  methoxychlor,  lead  arsenate,  E  P  N  300,  DDT,  and 
parathion.  Only  the  last  three  were  effective  in  controlling  this  pest. 

Data  indicate  that  one  spray  application  applied  at  the  peak  of 
moth  flight  for  control  of  the  first  and  second  broods  of  the  oriental 
fruit  moth  is  more  effective  than  similar  sprays  applied  for  control  of 
the  second  and  third  broods,  and  equally  as  effective  as  sprays  applied 
for  control  of  the  first,  second,  and  third  broods. 

6.  Corn  Earworm  Control  and  Biological  Factors  Influencing  It. 

Douglas  E.  Greenwood;  Virginia  Truck  Experiment  Station, 
Norfolk. 

The  corn  earworm  can  be  controlled  satisfactorily  over  much  of  its 
range  by  dusts  and  non-oil  sprays.  Corn-producing  areas,  for  the  most 
part,  are  designated  as  lightly  or  heavily  infested  depending  on  whether 
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they  support  moderate  earworm  populations  which  respond  to  normal 
control  practices,  or  populations  which  are  so  affected  by  biological 
factors  that  special  control  measures  are  required.  The  more  heavily 
infested  areas  are  infested  early,  remaining  so  throughout  most  of  the 
season  with  little  tendency  toward  “worm-free”  periods,  and  oviposition 
occurs  in  such  an  indiscriminate  manner  that  complete  infestation  is 
likely  to  occur  before  any  control  measures  can  be  started.  Oil-DDT 
emulsion  sprays  have  given  excellent  control,  experimentally,  and  appear 
to  be  capable  of  rendering  ineffective  many  of  the  biological  peculiarities 
which  have  existed  heretofore. 

7.  Preliminary  Trials  of  Methods  of  Planting  and  Fertilizing  Corn 

Growing  with  Ladino  Clover. 

Russell  K.  Stivers;  Virginia  Agricultural  Experiment  Station , 
Blacksburg. 

Corn  was  interplanted  in  an  existing  stand  of  ladino  clover.  Four 
spacing  methods  and  two  levels  of  nitrogen  were  used  in  a  split  plot 
type  experiment  on  Groseclose  silt  loam.  The  same  number  of  corn  plants 
per  acre  was  used  in  all  treatments. 

Insect  damage  made  replanting  necessary.  This  damage  was  approxi¬ 
mately  the  same  in  all  treatments. 

When  corn  in  40-inch  rows  was  grown  adjacent  to  ladino  clover, 
there  was  a  competition  for  nutrients,  as  shown  by  a  trend  toward  lower 
yields  and  more  nitrogen  deficiency  symptoms  on  corn. 

After  one  year,  ladino  clover  still  had  not  grown  over  an  average 
distance  of  6  inches  across  a  40  inch  row  where  corn  had  been  grown. 

Different  methods  of  spacing  corn  in  an  existing  stand  of  ladino 
clover  resulted  in  significant  differences  in  yield  and  weight  per  ear  of 
corn  in  this  experiment. 

Results  of  more  years  of  testing  are  needed  to  draw  conclusions. 

8.  Nitrogen — Soil  Moisture  Relationships  in  a  Grape  Vineyard. 

Wesley  P.  Judkins;  Virginia  Polytechnic  Institute ,  Blacksburg. 

9.  The  Influence  of  Certain  Fertilizing  Materials,  Particularly  Nitro¬ 
gen  Carriers,  on  the  Soil  Reaction  in  the  Potato  Row  during  the 

Growing  Season. 

E.  M.  Dunton,  Jr.,  R.  B.  Hall  and  M.  E.  Taylor;  Virginia  Truck 
Experiment  Station ,  Norfolk. 

In  1948  work  was  conducted  to  determine  the  influence  of  acid,  neu¬ 
tral,  and  basic  fertilizers  on  soil  reaction  and  nutrient  level  in  the  potato 
row  during  the  growing  season.  A  marked  variation  in  soil  pH  was 
found  at  different  sampling  locations.  The  work,  conducted  in  1949  and 
1950  and  reported  in  this  presentation,  is  a  follow-up  of  the  1948  work. 
The  purpose  of  this  second  experiment  was  to  check  the  influence  of 
different  fertilizer  mixtures  on  the  pH  and  nutrient  level  at  various 
locations  with  respect  to  the  fertilizer  bands  and  at  certain  intervals 
after  planting.  Samples  were  taken  at  seven  different  locations  in  the 
potato  row,  two,  four,  eight  and  twelve  weeks  after  planting. 

As  in  1948  the  fertilizer  mixtures  had  a  marked  and  varied  influence 
on  the  soil  reaction  and  nutrient  level  at  the  different  sampling  locations, 
and  only  in  the  sample  taken  in  the  fertilizer  bands  were  there  differences 
in  the  soil  reaction  for  the  different  fertilizer  mixtures. 


Proceedings  1950-1951 


297 


10.  Management  of  Grass  Leys  to  Lengthen  the  Grazing  Season  and 
Improve  the  Herbage  Quality. 

R.  E.  Blaser,  Willis  Skrdla,  and  T.  Taylor;  Virginia  Agricultural 
Experiment  Station ,  Blacksburg  and  Middlesburg  (presented 
by  title) 

11.  The  Effect  of  Continuous  Pasture  on  the  Distribution  of  Organic 
Matter  in  the  Profile  of  the  Native  Forest  Soil. 

F.  N.  GofortL,  H.  F.  Huckle;  and  S.  S.  Obenshain;  Virginia  Agri¬ 
cultural  Experiment  Station ,  Blacksburg. 

A  study  was  made  to  determine  the  effect  of  continued  pasture  on 
the  distribution  of  organic  matter  in  the  upper  profile  of  a  native  forest 
soil.  Samplings  of  soils  were  taken  at  10  randomized  locations  in  a  plot 
under  native  hardwood  forest  and  in  an  area  of  the  same  soil  100  yards 
away  which  had  been  in  permanent  pasture  for  over  40  years.  Soil  samples 
were  taken  at  five  depths:  0  to  2  inches,  2  to  4  inches,  4  to  6  inches, 
6  to  8  inches  and  8  to  10  inches.  Organic  matter  was  determined  by  the 
wet  combustion  method  on  each  of  the  10  samples  for  each  depth.  The 
analysis  of  variance  showed  no  significant  difference  between  the  organic 
matter  content  in  the  0  to  2  inch  layer  between  soil  in  forest  and  perma¬ 
nent  pasture.  In  the  other  four  layers  there  was  a  significant  difference 
between  organic  matter  content  of  the  soil  under  forest  and  permanent 
pasture.  With  increase  in  depth,  these  differences  became  greater,  with 
larger  amounts  of  organic  matter  in  the  soil  under  permanent  pasture. 


12.  The  Activities  of  the  Virginia  Department  of  Agriculture. 

Parke  C.  Brinkley;  Virginia  Department  of  Agriculture , 
Richmond. 

The  Department,  with  240  regular  and  300  part-time  employees,  is 
primarily  a  service  and  regulatory  agency,'  spending  1.5  million  dollars 
annually,  enforcing  49  laws,  divided  into  6  divisions,  with  principal  work 
as  follows: 

Administrative:  Supervises  apple  and  peach  inspection;  operates  two 
lime  grinding  plants  which  supply  lime  for  farmers;  and  performs 
miscellaneous  administrative  operations. 

Animal:  Controls  and  eradicates  diseases  among  animals;  inspects 
livestock  auction  markets;  and  supervises  interstate  movements  of  live¬ 
stock  and  poultry. 

Chemistry:  Services  other  divisions;  performs  extensive  laboratory 
work;  and  enforces  fertilizer,  insecticide,  fungicide,  rodenticide,  paint, 
gasoline  and  lime  laws. 

Dairy  and  Food:  Enforces  laws  relating  to  dairy  products  and  food 
and  feed  industries. 

Markets:  Works  for  improvement  in  distribution  and  handling  of 
food  and  farm  products;  and  enforces  weights  and  measures  requirements. 

Plant:  Is  engaged  in  seed  control,  plant  pest  quarantine  and  control, 
and  apiary  work. 
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13.  Plant  Quarantines  for  the  Control  of  Insects  and  Plant  Diseases. 

G.  T.  French;  Virginia  Department  of  Agriculture,  Richmond. 

Although  plant  quarantines  have  been  used  by  Federal  and  State 
agencies  as  a  means  of  controlling  insects  and  plant  diseases  for  more 
than  half  a  century,  scientists  and  others  are  not  in  agreement  as  to  their 
effectiveness. 

The  Plant  Quarantine  Act  of  1912  served  as  the  foundation  for  the 
protection  of  this  country  from  foreign  pests  by  the  Federal  government. 
In  addition  to  this  act,  the  Federal  government  regulates  by  domestic 
quarantine  and  interstate  movement  of  pests  not  generally  established. 

The  several  states  enforce  many  quarantines  which  are  drawn  up 
to  prevent  intra-  as  well  as  interstate  movement  of  plant  pests. 

Pests  are  being  held  in  check  by  these  quarantines.  As  a  result  of 
these  quarantines  several  pests  have  been  eradicated  from  infested  states 
or  parts  of  states;  other  quarantines  have  failed  to  prevent  spread  of  both 
insects  and  diseases  and  have  been  revoked. 

Quarantines  should  be  biologically  sound  and  follow  principles 
adopted  by  the  National  Plant  Board.  Research  is  basic  for  quarantine 
action,  and  if  followed,  the  evidence  seems  to  justify  its  utilization  by 
both  Federal  and  State  agencies. 


14.  The  Necessity,  Provisions  and  Purpose  of  Hybrid  Corn  Legislation 

Passed  by  the  1950  Virginia  General  Assembly. 

J.  W.  Midyette,  Jr.;  Virginia  Department  of  Agriculture , 
Richmond. 

Much  work,  time  and  thought  have  gone  into  the  development  and 
advancement  of  the  hybrid  corn  program,  and  in  most  cases  these  efforts 
have  proved  to  be  of  great  value  to  the  farmer.  The  increase  in  acreages 
of  hybrid  corn,  obtained  as  a  result  of  such  efforts,  presented  a  serious 
problem.  Tests,  surveys,  and  reports  indicated  that  hybrid  seed  corn  was 
being  misbranded  and  improperly  produced.  In  order  to  protect  the 
farmer  and  to  preserve  the  work  of  hybrid  corn  research  men,  legislation 
was  written  and  passed,  authorizing  the  Department  of  Agriculture: 

1.  To  require  registration  of  all  pedigrees  and  of  all  fields  planted 
for  the  production  of  hybrid  corn. 

2.  To  make  field  inspections  of  hybrid  double  crosses  grown  for 
the  production  of  hybrid  corn. 

3.  To  stop  sale  on  seed  which  are  not  produced  under  controlled 
conditions. 

4.  To  make  field  tests  of  corn  sampled  on  the  open  market  and  to 
stop  sale  of  such  corn  when  it  is  not  genetically  pure. 

5.  To  require  samples  for  testing  and  also  the  descriptions  of  inbreds 
and  single  crosses  used  in  each  particular  hybrid. 

6.  To  require  that  all  open  pedigree  hybrids  be  certified. 

The  purpose  of  this  legislation,  which  goes  into  effect  January 
1,  1952  is  to  assure  farmers  and  legitimate  seed  producers  the  greatest 
protection  possible.  The  restrictions  placed  on  hybrid  seed  corn  producers 
are  designed  to  require  by  law  the  practices  necessary  for  the  production 
of  seed  which  is  genetically  pure. 
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15.  Brucellosis  in  Domestic  Animals. 

W.  L.  Bendix;  Virginia  Department  of  Agriculture ,  Richmond. 

Since  the  isolation  by  Bruce  in  1887  of  a  specific  organism  causing 
Malta  fever,  tremendous  progress  has  been  made  in  the  study  of  Brucella 
infection  in  man  and  animals.  Three  types  have  been  identified;  Brucella 
melitensis,  affecting  goats  primarily,  B.  abortus ,  affecting  cattle  primarily, 
and  B.  suis,  affecting  swine  primarily.  All  types  may  attack  other  hosts, 
however,  and  indeed,  man  is  susceptible  to  all  three. 

The  disease  in  animals  is  principally  an  involvement  of  the  repro¬ 
ductive  organs,  and  is  spread  by  means  of  Affective  uterine  discharges, 
which  may  be  taken  in  by  way  of  contaminated  water  or  feed,  by  splash¬ 
ing  into  the  conjunctival  sac  or  by  passage  through  the  abraded  skin. 
Once  an  animal  contracts  the  disease,  it  remains  a  carrier. 

Diagnosis  is  made  most  often  by  means  of  the  blood  agglutination 
test,  a  1 : 100  or  higher  reaction  being  considered  evidence  of  true  in¬ 
fection.  Special  tests  of  milk  have  also  been  devised.  But  the  most 
accurate  means  of  diagnosis  is  to  isolate  the  organism  by  special  labora¬ 
tory  methods,  with  or  without  the  aid  of  guinea  pig  inoculation. 

The  organism  is  quickly  destroyed  by  direct  sunlight,  and  by  the 
common  disinfectants.  Where  infective  material  remains  in  a  cool,  pro¬ 
tected  place,  however,  Brucella  remain  viable  for  months,  an  important 
factor  in  its  control  on  farms. 

Since  man  contracts  brucellosis  by  direct  or  indirect  contact  with 
infected  animals,  this  disease  is  a  major  problem  demanding  the  joint 
efforts  of  the  veterinary  and  medical  professions. 

16.  Differences  in  Nutritional  Requirements  Observed  in  Inbred  Lines 

of  Poultry.  I.  Manganese. 

Clayton  E.  Holmes  and  James  H.  Bywaters;  Virginia  Agricultural 
Experiment  Station ,  Blacksburg. 

When  25  milligrams  of  manganese  per  pound  of  ration,  the  level 
suggested  by  the  National  Research  Council,  was  fed  to  chicks  in  our 
breeding  project,  a  considerable  amount  of  perosis  developed.  The  inci¬ 
dence  and  severity  of  perosis  varied  by  breeds  and  in  different  inbred 
lines  in  a  breed.  In  this  study,  four  inbred  lines  of  New  Hampshire 
chicks  receiving  the  same  amounts  of  choline,  biotin,  and  phosphorus 
were  fed  three  levels  of  maganese  (15.8,  25,  and  50  milligrams  per  pound 
of  ration) .  All  were  reared  for  ten  weeks  in  battery  brooders. 

With  15.8  milligrams  of  manganese  the  percentages  of  perosis  in 
males  were  75,  54.5,  25,  and  16.2,  and  in  females  16.2,  12.5,  7.1,  and  0 
respectively  for  lines  1  to  4.  With  25  milligrams,  perosis  in  male  chicks 
was  28.5,  16.2,  9.0,  and  8.5  for  lines  1  to  4;  there  was  no  perosis  in  females. 
With  50  milligrams,  in  males  the  percentages  were  30.7,  14.2,  6.6,  and  0 
for  lines  1  to  4;  and  again  there  was  no  perosis  in  females. 

17.  Organic  Mercury  as  Fungicides. 

R.  H.  Hurt;  Virginia  Agricultural  Experiment  Station,  Charlottes¬ 
ville. 

Organic  mercury  compositions  are  divided  into  two  classes,  namely, 
compounds  in  which  one  valence  of  the  mercury  is  satisfied  by  an  organic 
radical  and  those  in  which  both  valences  are  bonded  to  organic  radicals. 
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The  fungicidal  value  and  toxicity  of  these  compounds  depend  largely 
on  the  nature  and  size  of  the  organic  radical  to  which  the  mercury  is 
bonded. 

The  organic  mercuries  are  fungicide  eradicants  rather  than  pro¬ 
tective  fungicides.  The  organic  materials  which  have  shown  the  greatest 
promise  as  eradicant  fungicides  are  the  phenylmercuric  salts,  pyridyl- 
mercuric  salts,  and  the  mercurated  polyethyl  esters  of  phosphoric  acid. 
All  of  the  organic  mercury  compositions  herein  mentioned  are  very 
effective  eradicants  for  the  apple  scab  fungus.  The  organic  mercury  salts 
are  affected  by  light  and  their  fungicidal  effectiveness  is  of  short  duration. 

18.  The  White  Potato  Breeding  Program  in  Eastern  Virginia  and  the 

Technique  Used  in  Developing  New  Varieties. 

M.  M.  Parker;  Virginia  Truck  Experiment  Station ,  Norfolk. 

The  objectives  of  the  potato  breeding  program  in  eastern  Virginia 
are  an  improvement  in  horticultural  characters,  such  as  yield  and  market 
quality,  and  resistance  to  some  of  the  more  serious  potato  diseases. 

Since  the  potato  is  a  very  heterogeneous  species  in  many  of  its 
characters,  sexual  breeding  is  recognized  as  the  most  promising  method 
of  combining  the  desired  characteristics  in  a  new  variety.  To  get  the  best 
results,  however,  the  breeder  should  be  familiar  both  with  the  charac¬ 
teristics  of  the  varieties  to  be  crossed  and  also  with  the  characteristics 
of  the  varieties’  wild  ancestors. 

The  crosses  usually  exhibit  hybrid  vigor,  and  since  all  generations 
thereafter  are  multiplied  vegetatively  they  should  retain  both  this  vigor 
and  all  inherited  characteristics. 

Results  indicate  that  seedlings  which  produce  tubers  of  irregular 
shape  should  be  discarded  at  the  first  generation.  In  the  second  generation 
undesirable  characters  such  as  low  yielding  ability,  undesirable  shape, 
deep  eyes,  and  susceptibility  to  disease  may  be  discarded.  Thereafter, 
all  promising  seedling  should  undergo  several  years’  tests  in  order  to 
determine  their  full  value. 

19.  Effect  of  Environment  on  Some  Genetic  Characters  in  Horticultural 

Crops. 

W.  S.  Flory.,  Jr.;  The  Blandy  Experimental  Farm,  University 
of  Virginia,  Boyce. 

Several  environmental  responses  exhibited  with  respect  to  certain 
genetic  characters  are  pointed  out.  Experimental  data  presented  show 
the  resulting  effects  on  head  shape  of  All  Head  Select  cabbage,  from 
growing  the  same  selected  lines  at  five  different  geographical  locations. 
The  two  most  distant  locations  (Weslaco,  Texas  and  Madison,  Wisconsin) 
are  approximately  17°  of  latitude  apart.  A  total  of  28  different  lines 
were  grown;  of  these,  15  were  grown  at  each  of  the  five  stations.  An 
average  length /width  (L/W)  head  index  for  all  lines  at  each  location 
increased  from  .89  and  .92  (Wisconsin),  through  .97  (Mississippi)  to 
.99  and  1.08  (Texas),  indicating  a  trend  from  flat  through  round  to 
elongated  heads  as  locations  changed  from  higher  to  lower  latitudes. 
This  same  trend  was  apparent  when  most  lines  were  compared  indi¬ 
vidually  at  the  several  locations.  Three  or  four  lines,  however,  had  a 
very  small  “spread”  in  L/W  head  ratios  at  the  different  locations.  When 
producing  heads  of  the  desired  shape  and  size,  these  more  “stable” 
lines  are  probably  the  more  desirable  ones  to  increase  for  commercial 
production  in  different  areas. 
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Possible  environmental  and  genetical  considerations  affecting  the 
results  are  discussed.  Previously  published  results  secured  when  grow¬ 
ing  Marion  Market  cabbage  at  three  different  locations  (Flory  and 
Walker,  1939)  are  mentioned. 

20.  The  Influence  of  Moisture  Content  of  Corn  on  the  Dosage  Require¬ 
ments  of  Three  Recommended  Farm  Grain  Fumigants. 

J.  O.  Rowell;  Virginia  Agricultural  Extension  Service ,  Blacksburg. 
(Presented  by  title.) 

21.  Relation  of  Root  Growth  to  Yield  of  Bush  Lima  Beans  and  Sweet 
Corn. 

Flood  S.  Andrews;  Virginia  Agricultural  Experiment  Station. 
(Presented  by  title.) 
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Minutes  of  the  Section  of  Astronomy, 
Mathematics,  and  Physics  [2] 

A.  Marguerite  Risley,  Chairman 
Reuben  E.  Alley,  Jr.,  Secretary 
I.  G.  Foster,  Section  Editor  (1951) 

FRIDAY  MAY  11,  1951  —  9:30  A.  M.  —  ROOM  21,  MAIN 

BUILDING 

1.  Bell  Design  of  Brass  Musical  Instruments. 

Clyde  E.  Miller;  Lynchburg  College. 

The  family  of  brass  musical  instruments  is  the  group  known  as  the 
horns  and  includes  the  trumpet,  cornet,  French  horn,  trombone,  and  bass 
horn.  The  most  prominent  feature  of  these  instruments  is  the  bell,  and 
this  section  is  important  because  of  its  effect  on  intonation.  Bell  designs 
have  undergone  radical  changes  as  the  instruments  developed,  but  for 
the  last  century  have  been  virtually  static.  The  final  designs  were  as 
nearly  perfect  as  the  trial  and  error  method  of  the  craftsmen  would 
allow  but  have  never  been  justified  theoretically.  This  investigation  deals 
particularly  with  bell  taper  of  modern  instruments  and  the  feasibility 
of  approximating  bell  curves  by  simple  mathematical  curves.  The  bell 
of  a  modern  trumpet  was  selected  as  the  basis  for  study  and  its  dimen¬ 
sions  were  considered  as  observed  points  in  a  statistical  investigation. 
Mathematical  curves  were  fitted  to  these  points  by  the  methods  of  least 
squares  and  moments.  Among  others,  curves  representing  functions  of 
the  following  types  were  investigated:  the  cone,  exponential,  hyperbola, 
parabola,  power  function,  and  catenoidal.  Of  these,  only  the  hyperbola 
provided  a  close  fit  and  the  best  such  curve  as  determined  by  the  method 
of  moments  is  presented  as  a  possible  replacement  for  the  bell  now  used. 
Some  empirical  computations  are  made  on  the  expected  performance  of 
suggested  bells,  and  the  prediction  made  is  that  the  bells  should  be  the 
equal  or  superior  of  present  designs. 

2.  The  Eigenvalues  of  the  Harmonic  Oscillators. 

E.  J.  McShane;  University  of  Virginia. 

For  a  harmonic  oscillator  of  mass  m  and  attracting  force  such  that 
the  period  in  the  classical  theory  would  be  the  Hamiltonian  is 
(p2  +  mVq2)  /2m.  The  corresponding  operator  H  in  the  quantum  theory 
is  given  by  H  =  (— h2/m)d20/dq2  +  (mw2/2)q20.  Dirac  has  shown  that 
if  we  assume  that  this  operator  has  a  pure  point,  spectrum,  it  can  be  shown 
directly  from  the  properties  of  the  operators  d/dq  and  q,  without  recourse 
to  solving  differential  equations,  that  the  spectrum  consists  of  the  points 
(2n  +  l)hw/47r,n  =  0,1,2,.  .  .  .  However,  Dirac  does  not  show  that  the 
assumption  of  a  pure  point  spectrum  is  justified,  so  his  conclusion  is 
merely  that  either  H  has  a  continuous  spectrum  or  else  its  spectrum 
consists  of  the  points  named  above.  In  this  communication  it  is  shown 
that  by  using  general  theorems  on  the  spectra  of  self-adjoint  operators, 
it  can  be  proved  that  H  has  no  continuous  spectrum  and  that  its  spec¬ 
trum  consists  of  the  sequence  of  points  named  above. 
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3.  A  High  Temperature,  High  Precision  Automatic  Controller. 

L.  A.  Cosby,  and  J.  F.  Ryman;  Virginia  Military  Institute  and 
Virginia  Polytechnic  Institute. 

A  description  is  given  of  an  automatic  temperature  regulator  which 
supplies  a  correction  to  the  furnace  power  in  proportion  to  the  deviation 
from  the  control  point.  The  controller  consists  of  a  multi-stage  magnetic 
amplifier  which  is  used  to  amplify  the  difference  between  a  control  point 
signal  and  the  thermoelectric  output  of  a  base-metal  couple  and  other 
auxiliary  components.  Results  indicate  that  the  controller  is  capable  of 
maintaining  the  controlled  area  to  within  5°C.  in  the  range  of  tempera¬ 
tures  up  to  1200°  C.  The  controller  is  thought  to  be  unique  in  that  it 
contains  no  electronic  or  mechanical  devices  while  it  retains  the  advan¬ 
tages  of  sensitivity  and  ruggedness. 

4.  An  Interpretation  of  Peculiar  Motions  in  Terms  of  Galactic  Struc¬ 
ture. 

A.  N.  Vyssotsky;  Leander  McCormick  Observatory,  University  of 
Virginia. 

The  similarity  between  our  galaxy  and  some  external  galaxies 
suggests  that  indications  of  spiral  structure  may  be  found  in  our  system. 
The  deviation  of  the  principal  vertex"  of  the  peculiar  motions  of  nearby 
stars  with  small  orbital  inclinations  is  a  local  phenomenon  which  may  be 
explained  by  postulating  an  elongated  stellar  cloud  similar  to  a  spiral 
arm.  This  cloud  would  extend  from  the  fourth  to  the  second  quadrants 
in  the  galactic  plane  when  the  x-axis  is  towards  the  direction  of  galactic 
rotation,  i.e.  the  rotation  of  the  galaxy  is  in  the  sense  that  the  “arm”  is 
trailing. 

5.  The  Astrometric  Orbit  of  the  Spectroscopic  Binary  Chi  Draconis. 

W.  E.  Mitchell,  Jr.;  Leander  McCormick  Observatory,  University 
of  Virginia. 

Chi  Draconis  (a  =  18h22m,  5  =  72°43')  is  a  nearby,  bright,  single-line 
spectroscopic  binary  with  a  short  period  (281d),  large  eccentricity 
(e  =  0.45),  and  large  asini  (61.8  ±0.5  x  106km). 

Its  apparent  orbit  has  been  derived  from  the  measurement,  in  right 
ascension  and  declination,  of  74  plates  taken  with  the  McCormick  26-inch 
refractor  and  covering  the  years  1946  to  1950.  It  was  found  that  the 
system  has  a  parallax  of  0."145  and  a  semi-major  axis  of  73.2  ±8.2  xl06km. 
The  orbit  has  an  inclination  of  71°  ±2°.  The  astrometric  asini  is  then 
69.2  ±7.8  x  10°km,  a  value  well  within  the  probable  error  of  its  difference 
from  the  spectroscopic  as  ini. 

From  our  investigation  we  have  concluded  that  the  ‘invisible’  com¬ 
panion  has  a  mass  about  %  that  of  the  primary  and  a  brightness  at 
least  1  and  Vs  magnitudes  fainter.  The  effect  of  various  degrees  of  blending 
is  discussed. 

6.  On  Orthogonal  Transformation  of  Velocity  and  Acceleration. 

H.  Y.  Loh;  Virginia  Polytechnic  Institute.  (Presented  by  title.) 

7.  The  Circumradius  of  a  Spherical  Triangle. 

B.  Z.  Linfield;  University  of  Virginia. 

If  R  is  the  circumradius  of  a  spherical  triangle  ABC,  there  is  a 
well-known  formula  for  cot  R  in  terms  of  A,B,C  and  S.  If  only  the  sides 
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a,b,c  are  given  we  can  get  a  formula  for  tan  R  in  terms  of  a,b,c  by  the 
use  of  the  vector  equation  tN  =  (uxx  +  vxw-f-wxu)  cos  R,  where 
u,  v,  w  are  the  vector  coordinates  of  the  vertices  of  this  spherical  tri¬ 
angle  (radius  of  sphere  being  one,  and  center  at  the  origin),  N  that 
of  the  circumcenter,  and 


t 


I  u,v,w,  I  =  (u  X  v)  ©  w  = 


1  cos  c  cos  b 
cos  c  1  cos  a 
cos  b  cos  a  1 


% 


>  0 


For,  taking  the  magnitude  of  each  side  and  simplifying,  yields 

„  4  .  a  b  c 

tan  R  =  sin  — sin  — ^ — sin  ~2 — 


The  last  equation  is  equivalent  to 
^  _  4  cos  (s  —  A)  cos  (S  —  B)  cos  (S 


C) 


sec  S  sin  A  sin  B 

and  could  have  been  derived  from 
cos  a  —  cos  b  cos  c 


sin  C 


cos  A  — 


sin  b  sin  c 


,  sin  A  sin  b  sin  C  =  t 


8.  Temperature  Effects  on  Minimum  Spark  Ignition  Energy. 

C.  A.  Gregory,  Jr.  and  I.  R.  King;  Experiment  Incorporated. 
(Presented  by  title.) 


9.  Comparison  of  the  Computed  and  Experimental  Efficiency  of  a 
Scintillation  Counter  for  Neutrons. 

K.  B.  Rhodes,  J.  H.  Neiler,  and  G.  E.  Owen;  University  of 
Pittsburgh. 

An  integral  bias  study  was  made  of  the  radiations,  gamma  rays  plus 
neutrons,  from  a  standardized  Po-Be  Source.  The  neutron  counting  rates 
were  obtained  by  Pb  absorption  techniques.  Using  a  published  energy 
distribution  of  the  neutrons  from  a  Po-Be  source,  we  computed  the 
expected  counting  rate  for  the  scintillation  counter.  The  computed 
efficiency  was  based  upon  an  analysis  of  the  hydrogen  content  of  the 
anthracene  crystals  and  upon  the  theoretical  cones  of  exclusion  which 
arose  from  the  presence  of  the  pulse  discriminator.  The  comparison  of 
the  computed  and  experimental  counting  rates  shows  reasonable  agree¬ 
ment.  In  conclusion,  these  experiments  suggest  that  scintillation  counters 
can  provide  an  efficient  method  of  determining  the  intensity  of  a  fast 
neutron  radiation. 

10.  Photoelectric  Photometry  at  the  Leander  McCormick  Observatory. 

E.  R.  Dyer,  Jr.;  Leander  McCormick  Observatory ,  University  of 
V  irginia. 

The  chief  photometric  program  at  the  Leander  McCormick  Observa¬ 
tory  consists  of  the  transfer  of  the  international  stellar  standards  for 
magnitude  and  color  from  the  North  Polar  Sequence  to  the  Harvard  C 
Regions  where  they  will  be  accessible  to  Southern  hemisphere  observers. 
The  photoelectric  photometer  and  amplifier  (v.  the  following  paper  by 
Mr.  Donald  Nieman)  provide  a  linear  scale  of  intensities,  and  Corning 
blue  and  yellow  filters  furnish  a  consistent  color  system.  The  zero-point 
of  the  magnitude  scale  will  be  transferred  photographically  by  a  large 
number  of  equal-altitude  polar  comparisons.  The  optics  of  the  photo- 
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meter,  its  sensitivity,  and  observational  means  of  eliminating  the  sky 
background  and  the  dark  currents  are  described,  and  a  few  preliminary 
results  reported. 

11.  Instrumentation  for  Photoelectric  Photometry. 

Donald  F.  Nieman;  Charlottesville. 

The  new  D.  C.  amplifier  for  the  photoelectric  photometer  of  the 
McCormick  Observatory  is  described  in  detail.  A  special  emphasis  is  put 
on  the  techniques  for  reducing  the  leakage  currents.  These  leaks  were 
cut  from  10~7  to  10-11  amperes.  The  paper  will  appear  in  full  in  the 
Virginia  Journal  of  Science. 

12.  Transmission  Line  Electro-Optical  Shutter. 

H.  S.  Morton  and  J.  W.  Beams;  University  of  Virginia.  (Presented 
by  title.) 

13.  A  New  High  Constant  Speed  Rotating  Mirror. 

J.  M.  Watkins  and  J.  W.  Beams;  University  of  Virginia.  (Pre¬ 
sented  by  title.) 

14.  A  Magnetically  Suspended  Equilibrium  Ultracentrifuge. 

A.  Robeson,  J.  D.  Ross,  and  J.  W.  Beams;  University  of  Virginia. 
(Presented  by  title.) 

15.  Resolution  of  Cosmic  Ray  Components  with  Low  Pressure  Geiger 
Counters. 

P.  A.  Morris;  University  of  Virginia.  (Presented  by  title.) 

16.  The  Azimuthal  Distribution  of  Photo-electrons  Produced  by  Polar¬ 
ized  Photons. 

F.  L.  Hereford;  University  of  Virginia.  (Presented  by  title.) 
Business  Session 

Officers  elected  for  1951-52  were  as  follows:  B.  Z.  Linfield,  Mathe¬ 
matics,  University  of  Virginia,  Chairman;  S.  M.  Heflin,  Physics,  Virginia 
Military  Institute,  Secretary;  I.  G.  Foster,  Physics,  Virginia  Military 
Institute,  Section  Editor  for  Virginia  Journal  of  Science  for  a  term 
of  five  years. 

17.  Papers  by  Three  “Honorable  Mention”  Winners  in  the  National 
Science  Talent  Search  Contest. 

A  Formula  for  Calculating  the  Resultant  of  Two  or  More  Sine 
Waves  of  the  Same  Frequency. 

Bayne  Bentley;  Jefferson  High  School ,  Roanoke. 

The  Development  of  the  Cloud  Chamber. 

Richard  Lyon;  Washington  Lee  High  School,  Arlington. 

An  Elementary  Research  in  Fluoresence,  Phosphoresence,  and 
Luminesence. 

Billy  Graham;  Wilson  Memorial  High  School,  Fishersville. 
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Minutes  of  the  Section  of  Bacteriology  [3] 

J.  Douglas  Reid,  Chairman 
W.  A.  Dorsey,  Vice-Chairman 
W.  French  Skinner,  Secretary 
J.  Douglas  Reid,  Section  Editor  (1951) 

FRIDAY,  MAY  11,  1951  —  9:30  A.  M.  —  SMALL  BIOLOGY 
LABORATORY,  BIOLOGY  BUILDING 

1.  Activities  of  Soil  Microorganisms  as  They  Influence  Availability  of 
Plant  Food  in  Soils  Subjected  to  Stubble  Mulch  Tillage  Practices. 

S.  J.  R.  Gamble,  Fred  S.  Orcutt,  and  T.  W.  Edminster;  Virginia 
Polytechnic  Institute. 

The  idea  of  using  the  previous  crop  residues  (stubble  mulch)  for 
the  open  cultivated  crop  in  the  normal  rotation  has  proved  quite  effective 
in  reducing  erosion  losses.  Laboratory  studies  of  stubble  mulch  practices 
on  Virginia  soil  at  Virginia  Polytechnic  Institute  have  shown  there  is 
definite  difference  in  plant  food  availability  in  the  soil  throughout  the 
season  as  a  result  of  the  mulching  treatments.  To  determine  whether  or 
not  the  microflora  were  involved  as  a  possible  factor  in  the  plant  food 
availability,  comparative  data  were  obtained  from  stubble  mulch  and 
turnplow  soil  samples.  Biochemical  nitrification  rates  as  determined  with 
the  perfusion  apparatus  of  Lees  and  Quastel  showed  lower  amounts 
of  nitrate-nitrogen  from  the  stubble  mulch  samples.  A  lowered  nitri¬ 
fication  rate  of  the  stubble  mulch  sample  might  result  in  a  temporary 
nitrate  deficiency  in  the  open  cultivated  crop  where  this  type  of  tillage 
is  practiced. 

2.  The  Production  of  Enterotoxin  by  Staphylococci  Recovered  from 
the  Bovine  Mammary  Gland. 

W.  B.  Bell  and  M.  O.  Veliz;  Virginia  Agricultural  Experiment 
Station,  Virginia  Polytechnic  Institute. 

3.  Incidence  of  Canine  Leptospirosis  in  Detroit,  Michigan. 

L.  Lee  Kupferberg;  University  of  Virginia  School  of  Medicine. 

Blood  samples  were  obtained  from  fifty  dogs  in  the  custody  of  veteri¬ 
narians  located  in  various  sections  of  the  city.  The  sera  were  examined 
by  means  of  the  dark-field  microscopic  agglutination  test,  using  four  to 
seven-day  old  living  cultures  of  Leptospira  icterohaemmorhagiae  and  L. 
canicola  as  antigen.  The  agglutination-lysis  test  of  Schuffner  and  Mochtar 
(with  the  modified  technique  for  reading  rapid  slide  agglutination  of 
Leptospira  as  used  by  Minette)  was  employed  in  reading  the  titers.  The 
results  of  this  study  indicated  that  sera  from  38%  of  the  dogs  examined 
had  agglutinins  for  Leptospira.  Fifty  dogs  were  examined,  three  (6%) 
reacted  to  the  classical  strain  and  sixteen  (32%)  reacted  to  the  canicola 
strain.  Of  the  sera  from  twenty-nine  males  tested,  55.2%  gave  positive 
agglutination  reactions.  Fourteen  and  three-tenths  per  cent  of  the  twenty- 
one  sera  collected  from  females  gave  positive  agglutination  reactions. 
Suggestions  were  made  for  the  eradication  of  the  disease. 
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4.  Extract  Medium  Cultivation  Studies  on  Endamoeba  histolytica. 

E.  Clifford  Nelson;  Medical  College  of  Virginia. 

Extract  medium  is  composed  of  an  alcohol,  chloroform,  ether  or 
acetone  extract  of  egg  yolk  or  liver,  an  agar  base,  phosphate  saline 
overlay,  and  rice  powder.  This  medium,  in  combination  with  a  bacterial 
population,  meets  the  growth  requirements  of  E.  histolytica.  In  a  series 
of  studies  on  the  role  of  various  components,  the  agar  has  proved  to  be 
an  essential  constituent.  This  finding  offers  a  new  approach  to  the  study 
of  the  growth  requirements  of  the  ameba. 

5.  Proteolytic  Activity  of  Crude  Extracts  of  Lactobacillus  casei. 

Leon  Gonshery  and  P.  Arne  Hansen;  University  of  Maryland. 

Cell-free  extracts  of  Lactobacillus  casei  (strain  #318  U.S.D.A.)  have 
been  prepared  by  shaking  suspensions  of  the  organism  with  very  small 
glass  pavement  marking  beads,  in  the  Mickle  Tissue  Disintegrator.  The 
degree  of  disintegration  was  ascertained  by  the  electron  microscope.  After 
a  suitable  time  of  shaking,  only  some  empty  disrupted  cell  walls  remained 
in  a  matrix  of  extruded  cell  material  debris.  After  centrifugation,  the 
extracts  were  examined  for  proteolytic  activity. 

It  was  found  that  the  crude  extracts  were  active  against  casein, 
gelatin,  trypticase,  tryptone,  Bacto  peptone,  dl-leucylglycylglycine, 
glycyl-l-leucine,  and  dl-alanylglycine.  No  activity  of  the  extracts  against 
d-leucyl-l-tyrosine  and  chloracetyl-l-tyrosine  could  be  measured.  The 
results  obtained  using  such  extracts  indicate  the  presence  of  proteinase, 
aminopolypeptidase,  and  dipeptidase,  but  the  absence  of  carboxypolypep- 
tidase. 

6.  A  Study  of  the  Comparative  Activity  of  Five  Antibiotics  Alone  and 
in  Certain  Combinations  Against  Escherichia  coli,  Aerobacter  aero- 
genes,  Pseudomonas  aeruginosa  and  Proteus  sp. 

J.  Douglas  Reid,  Muriel  M.  Jones  and  Evelyn  C.  Bryce;  Medical 
College  of  Virginia. 

Aureomycin,  Chloromycetin,  penicillin,  streptomycin  and  terramycin 
were  tested  against  E.  coli,  A.  aerogenes,  Ps.  aeruginosa  and  Proteus  sp. 
using  the  tube  dilution  method.  All  of  the  antibiotics  were  compared  on 
a  weight  basis.  The  most  effective  antibiotics  by  in  vitro  test  against  the 
first  three  microorganisms  mentioned,  were  aureomycin,  Chloromycetin 
and  terramycin.  Penicillin,  Chloromycetin  and  streptomycin  were  most 
effective  against  Proteus  sp.,  in  that  order.  When  various  combinations  of 
these  antibotics  were  tested  against  the  four  species,  an  additive  effect, 
and  in  certain  instances  a  synergistic  effect,  was  noted.  No  two  anti¬ 
biotics  appeared  to  be  superior  in  bringing  about  this  effect,  nor  did  it 
occur  more  frequently  against  one  species  than  another. 

7.  Yeast  Extract  as  an  Important  Aid  in  Culturing  Bacteria  on  Com¬ 
mon  Media  as  Evidenced  by  Respiration  Rate  and  Extent  of  Growth. 

Fred  S.  Orcutt,  Kendall  W.  King,  and  W.  R.  Stafford;  Virginia 
Polytechnic  Institute. 

By  the  use  of  Warburg  techniques,  relatively  high  concentrations 
(1-2%)  of  yeast  extract  has  been  found  to  stimulate  the  respiration  rate 
of  washed  suspensions  of  Bacillus  subtilis  Koch-Novy  three  to  tenfold. 
The  active  component  is  thermostable,  unaffected  by  Norit  and  charcoal 
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filters,  partly  soluble  in  ethanol  but  not  in  acetone,  only  partially  inac¬ 
tivated  by  boiling  at  pH’s  of  9  and  2.7,  and  destroyed  by  phosphotung- 
state  and  lead  acetate  treatment. 

Since  the  “resting  cell  technique”  was  used,  cell  proliferation  could 
not  be  the  cause  of  the  greatly  increased  rate  of  respiration.  Lower  con¬ 
centrations  of  yeast  extract  that  are  usually  used  to  furnish  accessory 
growth  substances  did  not  produce  this  increased  rate.  The  amount  of 
oxygen  absorbed  by  cells  in  the  presence  of  yeast  extract  far  exceeded 
the  theoretical  amount  of  oxygen  absorbed  by  the  cells  for  a  given  amount 
of  glucose.  This  indicates  the  presence  of  substances  in  the  extract  which 
serve  as  substrates  for  respiration. 

Yeast  extract  is  an  important  aid  in  culturing  bacteria  on  common 
stock  media.  Many  organisms  which  tend  to  be  fastidious  on  common 
media  show  a  marked  increase  in  the  rate  and  extent  of  growth  by  the 
addition  of  2%  yeast  extract. 

8.  Adenosine-5-phosphate  in  Cysteine  metabolism  by  E.  coli  and 

P.  vulgaris. 

L.  Lee  Kupferberg  and  J.  Oliver  Lampen;  Western  Reserve 
University ,  Cleveland ,  Ohio. 

E.  coli  and  P.  vulgaris  were  grown  anaerobically  in  media  containing 
one  per  cent  cystine.  Cell-free  extracts  were  prepared  by  grinding  the 
cells  with  alumina  and  extracting  the  enzyme,  cysteine  desulfhydrase, 
with  M/10  phosphate  buffer,  pH  7.4.  The  enzyme  preparation  obtained 
from  E.  coli  was  capable  of  degrading  cysteine  to  pyruvate,  H2S,  and  NHS. 
This  enzymatic  activity  was  lost  after  a  period  of  seventy-two  hours  even 
though  the  enzyme  preparation  was  stored  at  -10°C.  Cell-free  extracts 
of  P.  vulgaris  tested  for  enzymatic  activity  immediately  after  preparation 
were  inactive.  Activity  of  the  cell-free  extract  of  P.  vulgaris  was  restored 
when  the  extract  was  combined  with  the  alumina  in  which  the  intact  cells 
were  ground.  Activity  could  be  restored  to  the  inactive  enzyme  prepar¬ 
ations  of  E.  coli  and  P.  vulgaris  by  the  addition  of  their  boiled  juices. 
Subsequent  experiments  showed  that  addition  of  adenosine-5-phosphate 
restored  activity.  In  view  of  Kallio’s  finding  that  the  activity  destroyed 
by  “aging”  cells  at  pH  4.5  for  one  hour  could  not  be  regained  by  the 
addition  of  adenosine-5-PQ,,  it  is  possible  that  more  than  one  co-factor 
is  involved  in  the  action  of  cysteine  desulfhydrase  on  cysteine. 

9.  Microbiological  Synthesis  of  Riboflavin  to  Enrich  Swine  Viscera 

Used  for  Poultry  and  Livestock  Feed. 

V.  Frank  Boyd  Jr.,  Fred  W.  Tylec,  and  Fred  S.  Orcutt;  Virginia 
Polytechnic  Institute. 

Eighteen  unknown  organisms  isolated  from  swine  viscera  and 
eleven  organisms  known  to  be  capable  of  riboflavin  production  on  various 
media  were  investigated  as  to  their  ability  to  synthesize  riboflavin  on 
a  simple  medium  of  tankage  and  distilled  water.  Using  the  microbiologi¬ 
cal  assay  technique,  one  of  the  unknown  organisms,  #6,  (believed  to  be 
an  Achromobacter  sp.  or  a  Shigella  sp.)  was  found  to  be  the  most  signi¬ 
ficant  producer.  On  further  investigation  of  the  B2  synthesis  of  organism 
#6  the  following  facts  were  noted:  , 

Maximum  B2  synthesis  was  obtained  in  the  pH  range  7.5  to  8.0,  by 
using  mechanical  agitation  and  a  relatively  high  ratio  of  surface  area 
to  volume  over  a  period  of  ten  days.  It  was  found  that  B2  content  of  the 
tankage  could  be  increased  from  3.5  meg.  to  49.3  meg.  per  gram  dry 
weight.  Since  dried  skim  milk  has  a  content  of  19  meg.  and  is  considered 
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an  excellent  source  of  B2,  it  is  concluded  that  the  microbiological  synthesis 
of  riboflavin  is  a  possible  means  of  enriching  the  B2  content  of  tankage 
sufficiently  to  raise  its  competitilve  standing  as  a  protein  supplement 
for  poultry  and  livestock  feed. 

10.  Oxygen  Uptake  of  Mycobacteria. 

Medhat  A.  Hussem,  P.  Arne  Hansen^  and  Norman  C.  Laffer; 

University  of  Maryland. 

The  respiratory  metabolism  of  Mycobacterium  phlei,  Mycobacterium 
avium,  Mycobacterium  paratuberculosis  and  Mycobacterium  tuberculosis 
B.C.G.  was  studied. 

The  rate  of  respiration  was  increased  by  adding  Tween-80  while  the 
same  low  concentrations  (0.005-0.300%)  of  Triton- A-20  showed  no  effect. 

As  a  substrate,  sodium  lactate  produced  the  highest  rate  of  oxygen 
consumption  with  all  strains.  Glycerol  and  glucose  were  respired  at  a 
slower  rate,  but  these  two  substrates  did  not  increase  the  respiration  of 
B.C.G. 

Neither  benzoate  nor  salicylate  affected  lactate  respiration  of  any 
of  the  strains.  Para-aminosalicylate  inhibited  lacetate  respiration  of  all 
strains.  Para-aminobenzoate  (M/200)  did  not  influence  lactate  respira¬ 
tion  of  B.C.G.  or  M.  phlei ;  but  it  inhibited  the  pathogenic  species. 

Cyanide  inhibited  the  respiration  of  glucose,  glycerol  and  lactate  by 
all  strains.  With  the  exception  of  M.  paratuberculosis,  mono-iodoacetate 
(M/500)  did  not  affect  the  respiration  of  lactate.  It  inhibited  the  res¬ 
piration  of  glycerol  and  of  glucose  by  all  stranis  respiring  these  two 
substrates. 

In  all  cases  where  inhibition  occurred,  the  cells  recovered  completely 
or  partially  after  ten  to  twenty  minutes.  It  is  indicated  that  at  least  with 
cyanide  this  recovery  was  not  due  to  destruction  of  the  poison  outside 
the  cells. 

No  relation  existed  between  the  capacity  of  a  substrate  to  stimulate 
respiration  and  the  final  yield  of  growth  it  supported. 
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Minutes  of  the  Section  of  Biology  [4] 

Horton  H.  Hobbs,  Jr.,  Chairman 
Roscoe  D.  Hughes,  Vice-Chairman 
A.  M.  Showalter,  Secretary 
Ladley  Husted,  Section  Editor  (1952) 

FRIDAY,  MAY  11,  1951  —9:00  A.  M.  —  BIOLOGY  ROOM, 
BIOLOGY  BUILDING 

1.  Abnormal  Tooth  Development  in  the  Groundhog,  Marmot  a  monax 
monax. 

Warwick  R.  West,  Jr.;  Miller  School  of  Biology,  University  of 
Virginia. 

A  groundhog  possessing  excessively  long  incisors  was  brought  to  my 
attention,  and  after  checking  the  literature  it  was  found  that  this  condition 
is  quite  rare.  Only  one  other  report  was  available  which  concerned  a 
similar  abnormal  tooth  development  in  the  groundhog.  Due  to  lack  of 
contact  between  the  upper  and  lower  incisors,  they  will  grow  to  extreme 
lengths.  They  appear  to  have  completely  lost  their  usefulness,  but  in  spite 
of  this,  there  seem  to  have  been  no  decidedly  harmful  effects  on  the 
animals  that  have  been  studied.  Reasons  for  this  condition  have  been 
postulated  but  none  of  them  seems  adequately  to  cover  the  reported 
situations.  The  most  plausable  explanation  is  that  the  condition  is  brought 
about  by  an  upset  in  the  growth  rate  of  the  lower  jaw  with  reference  to 
the  skull. 

2.  Sport  Fisheries  Management  of  Claytor  Lake,  a  Mainstream  Im¬ 
poundment  on  the  New  River  in  Virginia. 

Dean  A.  Rosebery;  Commission  of  Game  and  Inland  Fisheries 
Richmond,  Virginia. 

Claytor  Lake,  covering  4,495  acres  of  a  mountainous  section  of 
Pulaski  County,  Virginia,  was  formed  by  the  construction  of  a  dam  in 
1939.  The  lake  is  21  miles  long,  has  a  maximum  width  of  one-half  mile 
and  a  maximum  normal  pool  elevation  of  1,846  feet  above  sea  level. 
During  the  period  1939-1946  the  lake  was  stocked  with  650,000  walleye 
fry,  74,854  young  bluegills,  3,570  adult  blue-gills,  12,040  adult  yellow- 
belly  sunfish,  20,135  young  largemouth  bass,  10,813  adult  largemouth 
bass,  3,000  young  smallmouth  bass,  and  3,894  young  white  crappie.  In 
spite  of  the  heavy  stocking  largemouth  bass  and  yellowbelly  sunfish 
failed  to  become  important  species  in  the  lake.  Until  1946  the  impound¬ 
ment  was  closed  to  walleye  and  bass  fishing  each  year  from  December 
31  to  June  20.  After  1946  all  fishing  was  prohibited  during  the  December 
31  to  June  20  period.  Study  revealed  that  the  fishes  exhibit  slow  growth 
for  the  first  year  but  after  the  second  year  the  growth  rate  is  considered 
good.  The  fishes  of  the  lake  were  estimated  to  be  the  following  lengths 
in  inches  by  the  third  year:  bluegill  6.0,  white  crappie  8.0,  spotted  bass 
10.7,  smallmouth  bass  10.9,  largemouth  bass  13.6,  walleye  18.4,  and 
yellow  perch  8.5.  The  bluegill  is  the  principal  forage  fish,  but  its  popu¬ 
lation  is  restricted  because  of  competition  with  the  channel  catfish  and 
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crappie  for  food.  Angling  success  on  Claytor  Lake  is  usually  low.  The 
returns  during  June  and  October,  1948,  were  0.11  and  0.14  pounds  of  fish 
per  hour,  while  in  August  0.072  pounds  per  hour  were  taken.  The  harvest 
of  bluegill,  white  crappie,  walleye  and  channel  catfish  by  anglers  was 
low  during  the  1948  and  1949  fishing  seasons.  Anglers  realized  the  highest 
rate  of  harvest,  a  20  -30  percent  return,  from  spotted  and  smallmouth 
bass,  according  to  tagging  returns. 

3.  A  Morphological  Study  of  N eoechinorhynchus  cylindratus,  a  typical 
Representative  of  the  Eoacanthocephala. 

Harry  L.  Hollaway,  Jr. ;  University  of  Richmond. 

A  detailed  morphological  study  of  N eoechinorhynchus  cylindratus 
(Van  Cleave,  1913),  a  piscine  species  of  Acanthocephala,  has  been  made 
using  specimens  isolated  from  the  alimentary  canal  of  fishes  of  the 
families  Centrarchidae  and  Percidae.  In  the  course  of  study  a  new 
locality  record  of  the  species  has  been  established.  The  study  indicates 
a  geographical  variance  from  piscatorial  parasitology  records  in  lengths 
of  two  of  the  proboscis  hooks  of  the  anterior  circle  and  records  smaller 
size  of  mature  ova.  A  somewhat  different  apical  organ  is  figured  but  it 
retains  the  previously  reported  eutely  pattern.  The  presence  of  lobed 
giant  subcuticula  nuclei  is  noted  and  discussed.  The  morphological  details 
of  the  male  and  female  reproductive  systems  have  been  worked  out. 

4.  Studies  on  the  Postembryonic  Development  of  the  Head  and 
Gnathothoracic  Appendages  of  the  Crayfish,  Cambarus  longulus 
longulus  Girard.  (Decapoda,  Astacidae) 

Paul  J.  Osborne;  Miller  School  of  Biology,  University  of  Vir¬ 
ginia. 

This  study  of  the  postembryonic  development  of  the  appendages  of 
the  cephalic  region  of  the  crayfish  had  as  its  main  purpose  to  determine 
to  what  extent  one  could  rely  on  the  structure  of  these  appendages 
for  identifying  the  several  stadia  in  the  maturation  process.  Because 
of  the  differential  growth  ratio  in  any  brood,  as  well  as  the  lack 
of  striking  morphological  peculiarities  of  the  successive  instars,  it  has 
been  impossible  heretofore  to  determine  with  any  degree  of  certainty  the 
stadium  of  any  crayfish.  It  has  been  found  that  the  number  of  setae 
along  certain  podomeres  of  the  cephalic  appendages  increase  in  a  some¬ 
what  uniform  pattern,  and  that  the  number  of  setae  is  a  more  reliable 
criterion  for  distinguishing  the  stadia  than  are  differences  in  size  or 
body  proportions. 

5.  Studies  on  Crayfish  Ovarian  Extracts. 

Cornelia  Anne  Tuten,  Miller  School  of  Biology,  University  of 
Virginia. 

Ether  extracts  from  the  ovaries  of  crayfishes  which  were  approaching 
the  period  of  ovulation  were  injected  in  mineral  oil  solution  into  live 
animals  that  were  either  immature  or  that  possessed  ovaries  which  were 
in  the  resting  stage.  The  ovaries  of  these  animals  enlarged  and  changed 
color  and  in  some  cases  the  cement  glands  appeared.  These  reactions 
were  much  more  rapid  than  were  the  same  reactions  in  animals  which 
had  received  implants  of  dried  ovarian  tissue.  Injections  of  mineral  oil 
alone  had  no  apparent  effect  on  the  animals. 

Eyestalks  were  removed  from-  female  crayfishes  with  the  result  that 
the  length  of  time  required  for  preparation  for  ovulation  was  shortened. 
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6.  Hemidactylium  scutatum  (Schlegel)  :  Nesting  in  Virginia. 

John  Thornton  Wood,  College  of  William  and  Mary. 

Egg  groups  of  the  “rare”  Four-Toed  Salamander,  Hemidactylium 
scutatum  (Schlegel),  have  been  found  in  the  following  Virginia  counties: 
Appomattox,  Charles  City,  Elizabeth  City,  Fairfax,  Gloucester,  James 
City,  Mathews,  Warwick,  and  York.  Of  150  egg  groups  examined  in  the 
field,  96  were  collected,  along  with  attending  females.  In  each  “nest” 
eggs  were  counted  and  stage  of  development  noted.  The  number  of  eggs 
per  nest  ranged  from  16  to  868,  and  the  number  of  attending  females 
from  none  to  three.  The  average  number  of  eggs  in  96  nests  was  116. 
Females  ranged  in  total  length  from  60  to  95  mm.,  averaging  77  mm. 
Many  nests  contained  the  complements  of  more  than  one  female. 

Egg  groups  were  collected  from  the  field  from  February  twenty- 
fourth  to  April  twenty-seventh. and  were  found  under  bark,  in  rotted  logs 
and  boards,  in  mounds  of  pine  needles,  and  in  hollow  cypress  knees.  The 
majority  of  the  “nests”  were  attached  to  the  shoots  of  mosses  of  the 
following  genera:  Atrichum,  Aulacomnium,  Cirriphyllum,  Climacium, 
Eurhynchium,  Hypnum,  Leucobryum,  Mnium,  Plagiothecium,  Sphagnum, 
and  Thuidium.  Eggs  were  also  attached  to  the  thallose  liverwort,  genus 
Pallavicinia.  All  nests  were  in  damp  places,  near  still  or  slow-moving 
water.  Attending  females  were  found  beneath  eggs,  not  coiled  around 
them. 

7.  A  preliminary  Report  on  the  Size,  Egg  Number,  Incubation  Period, 

and  Hatching  in  the  Common  Snapping  Turtle,  Chelydra  serpentina. 

Roy  P.  Ash;  College  of  William  and  Mary. 

Two  thousand,  four  hundred  thirty-one  (2,431)  eggs  were  collected 
from  the  ovaries  or  oviducts  of  85  mature  female  specimens.  The  carapace 
width  and  length  were  determined  as  well  as  the  number  of  eggs  per 
each  individual.  The  number  of  eggs  per  individual  varied  from  13-48.  A 
positive  correlation  was  found  between  the  carapace  width  and  egg 
number.  In  the  laboratory  at  room  temperature  the  incubation  period 
was  from  75-95  days.  Carapace  width  and  length  and  “tail”  lengths  were 
determined  for  195  hatchling  turtles.  A  positive  correlation  was  found 
between  the  length  of  the  “tail”  and  the  carapace  width  and  also  between 
the  carapace  length  and  the  “tail”. 

8.  A  Comparative  Study  of  the  Morphology  of  Two  Variants  of 

Prorhynchus  stagnalis  Schultze. 

Walter  L.  Richards,  Jr.;  Miller  School  of  Biology,  University  of 
Virginia. 

Two  variants  of  the  Alloeocoela,  Prorhynchus  stagnalis  Schultze, 
inhabit  a  drainage  ditch  on  the  grounds  of  the  University  of  Virginia. 
Seasonal  fluctuations  in  the  populations  of  these  two  forms  are  discussed, 
and  their  morphological  differences  indicated. 

9.  The  Aquatic  and  Semi-Aquatic  Hemiptera  of  Virginia. 

Marvin  L.  Bobb;  Virginia  Agricultural  Experiment  Station, 
Research  Laboratory,  Charlottesville. 

Studies  on  the  aquatic  and  semiaquatic  Hemiptera  of  Virginia  were 
begun  in  1946.  At  that  time  only  20-odd  species  had  been  recorded  from 
the  Commonwealth.  During  the  past  four  years  collections  of  these 
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insects  have  been  made  in  79  counties,  and  the  State  list  now  comprises 
90  species  dispersed  among  29  genera.  All  of  the  13  families  are  repre¬ 
sented. 


10.  Cecidogenic  Material  in  Hormaphis  hamamelidis. 

Ivey  F.  Lewis  and  Lucile  Walton;  University  of  Virginia  and 
Washington  High  School,  Danville. 

In  the  first  generation  (stem  mother)  at  about  the  time  of  hatching, 
cecidogenic  material  with  its  characteristic  crystalline  appearance  is 
found  in  the  mycetome,  from  which  it  passes  at  an  early  stage  into  the 
salivary  (thoracic)  gland.  Here  it  accumulates,  especially  in  the  nucleoli 
of  the  large  secreting  cells  of  the  compactly  organized  gland. 

In  the  second  generation  the  gland  undergoes  a  certain  disorganiza¬ 
tion.  Large  vacuoles  appear  in  the  cells,  but  little  cecidogenic  material 
is  found  there.  The  wandering  “X-cells”  contain  many  granules  even 
before  the  hatching  of  the  first  instar.  These  granules  are  carried  by 
the  X-cells  to  and  into  the  mycetome. 

In  the  third  generation  the  X-cells  are  more  numerous  (30-40)  and 
even  more  loaded  with  cecidogenic  granules.  These  granules  occur 
abundantly  also  in  the  mycetome  and  in  the  nurse  cells  of  the  develop¬ 
ing  egg.  They  pass  into  the  egg  through  the  protoplasmic  strand  extend¬ 
ing  from  the  nurse  cells  and  also  directly  through  the  epithelial  envelope. 
Their  fate  in  the  egg  has  not  been  followed  in  detail,  but  they  are  found 
in  the  mycetome  of  the  developing  embryo.  From  the  mycetome  they 
are  carried  into  the  salivary  gland,  and  from  it  they  are  injected  into 
the  witch  hazel  leaf. 

11.  A  Study  of  the  Monogenetic  Trematodes  from  the  Gills  of  West- 

hampton  Lake  Fishes,  with  Additional  Notes  on  Other  Organisms 

Taken  from  the  Gills. 

William  J.  Hargis  Jr.;  University  of  Richmond. 

This  study  represents  the  first  concerted  work  on  the  monogenetic 
gill  parasites  ever  undertaken  in  Virginia.  It  is  unique  in  that  it  presents 
a  new  region  and  locality  for  all  of  the  forms  studied  and  it  is  the  result 
of  collecting  from  one  body  of  water  throughout  several  seasons. 

A  new  technique  of  mounting  the  parasites  (Monogenea)  directly 
into  Euparol  without  staining  was  developed  for  this  study.  It  gives  the 
required  clarity  as  well  as  permanence. 

A  total  of  4,523  flukes  representing  25  species  of  the  Monogenetic 
genera  Cleidodiscus  Mueller,  1934;  Actinocleidus  Mueller,  1937;  Uroclei- 
dus  Mueller,  1934;  Dactylogyrus  Diesing,  1850;  Gyrodactylus  Nordmann, 
1832;  and  Octomacrum  Mueller,  1934  were  recovered  from  the  branchial 
material  of  107  host  specimens  representing  7  species  of  the  piscine 
families  Ameiuridae,  Centrarchidae  and  Cyprinidae.  Microscopic  study 
of  these  forms  yielded  new  structures,  forms,  and  problems. 

In  addition  to  the  monogenea,  glochidia,  copepods,  rotifers,  and 
arthropod,  a  nematode  and  a  digenetic  fluke  were  taken.  The  latter 
three  were  probably  accidental  residents  of  the  gills. 

It  is  known  that  these  parasites  (Monogenea)  are  of  some  impor¬ 
tance  in  fishery  operations  and  the  author  is  of  the  opinion  that  they 
play  a  part  in  the  high  “spring-mortality”  which  occurs  in  some  of  the 
bodies  of  water  throughout  Virginia. 
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12.  The  Effects  of  Inanition  on  the  Fresh-Water  Nemertean  Worm, 
Prostoma  rubrum. 

Solomon  Kadis;  Miller  School  of  Biology ,  University  of  Virginia . 

While  inanition  experiments  have  been  performed  on  marine 
nemerteans  and  the  results  obtained  have  been  assumd  to  illustrate  the 
general  pattern  for  the  animals  in  this  phylum,  no  detailed  studies  of 
the  effects  of  starvation  have  been  undertaken  on  the  fresh-water  forms. 
An  attempt  is  made  to  indicate  the  ways  in  which  the  fresh-water  ribbon 
worm,  Prostoma  rubrum,  differs  from  the  marine  species  in  its  reactions 
to  inanition.  Individuals  of  Prostoma  rubrum  were  maintained  in  the 
laboratory  for  a  maximum  period  of  150  days  without  food.  During  that 
time  the  gross  morphological  changes  observed  were  the  reduction  in 
the  size  of  the  body  to  a  small  fraction  of  that  previous  to  the  initiation 
of  the  experiments,  and  the  development  of  a  dark  pigment  in  the  body 
epithelium.  The  histological  alterations  noted  include  the  vacuolation  of 
the  ciliated  cells  of  the  body  epithelium,  and  the  distintegration  of  the 
oocytes  and  some  of  the  structures  of  the  digestive  system.  Since  the 
method  by  which  the  oocytes  of  Prostoma  rubrum  receive  their  yolk 
material  appears  to  be  unlike  that  of  any  of  the  other  invertebrate  ani¬ 
mals,  the  fate  of  the  oocytes  during  inanition  is  stressed. 

13.  The  Report  of  a  Microscopic  Observation  Regarding  a  Specific 
Effect  of  Certain  Pathogenic  Bacteria  on  the  Erythrocytes  of  Man. 

Grace  J.  Blank;  College  of  William  and  Mary. 

While  making  a  study  of  the  chemotactic  response  of  leucocytes  to 
various  microorganisms,  it  was  noted  that  there  was  a  profound  negative 
response  by  the  erythrocytes  to  certain  pathogenic  bacteria,  and  that 
in  the  case  of  Diplococcus  pneumoniae,  at  least,  this  response  was  definitely 
related  to  the  capsules  of  these  organisms  and  also  paralyzed  the  initial 
strong  positive  movement  of  the  neutrophiles  toward  these  organisms.  In 
the  light  of  more  recent  studies  by  many  investigators  relative  to  the 
effect  upon  erythrocytes  in  vivo  of  certain  infectious  diseases,  it  seems 
worthwhile  to  contribute  this  in  vitro  observation. 


14.  Antibiotic  Assay  of  Some  Prairie  Flowering  Plants. 

Lowell  V.  Heisey;  Bridgewater  College,  Bridgewater. 

A  systematic  survey  has  been  made  of  the  antibiotic-type  of  properties 
of  some  native  plants  of  the  plains  and  prairie  region  of  the  United 
States.  Special  emphasis  was  given  to  plants  used  in  Indian  and  pioneer 
medicinal  remedies,  and  also  to  the  more  vigorous  weeds  of  that  area, 
for  their  possible  economic  value.  Solvent  extracts  of  the  plant  tissues 
were  tested  by  the  paper  disc  method  of  antibiotic  assay,  using  as  test 
organisms,  B.  subtilis,  Staph,  aureus,  E.  Coli,  and  Pen.  notatum. 

It  was  found  that  eighty  species  of  the  116  different  plant  species 
tested  exhibited  inhibitory  power  against  one  or  more  of  the  test  organ¬ 
isms.  These  plants  were  collected  mainly  in  Kansas  and  represent  forty- 
eight  different  plant  families.  In  general,  members  of  one  plant  family 
tended  to  exhibit  the  same  type  of  activity.  Some  of  the  plant  species 
exhibited  a  sufficient  degree  of  antibiotic  activity  to  warrant  further 
study.  These  included  some  plants  now  classified  as  weeds  and  a  few  of 
the  pioneer  herbs. 
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15.  Evidence  of  Ionization  Currents  within  the  Marine  Amoeba, 

Flabellula  mira  Schaeffer,  as  a  Result  of  Motion  within  a  Mag¬ 
netic  Field  of  2300  Gauss. 

Zoe  Wells  Carroll  Black;  Mary  Washington  College  of  the  Uni¬ 
versity  of  Virginia,  Fredericksburg . 

Previous  reports  to  this  section  have  summarized  evidence  that 
ameoboid  cells  of  the  earthworm  are  sensitive  to  the  effect  of  passage 
through  a  magnetic  field  of  2300  Gauss. 

More  recent  studies  have  indicated  that  the  reaction  of  amoeboid 
cells  may  be  a  generalized  one,  regardless  of  whether  the  cell  is  free- 
living  or  a  part  of  a  metazoan  body. 

Evidence  is  now  presented  to  show  that  in  Flabellula  mira,  a  marine 
amoeba,  there  is  a  measurable  shift  in  cellular  iron  and  the  lipids  which 
blacken  with  osmic  acid  as  a  result  of  one  hundred  times  passage  through 
a  magnetic  field  of  2300  Gauss. 

16.  Chromosomes  of  Certain  West  African  Plants. 

J.  T.  Baldwin,  Jr.  and  Bernice  M.  Speese;  College  of  William 
and  Mary. 

Chromosome  numbers  for  the  following  genera  in  West  Africa  are 
reported:  Flagellaria,  Tacca,  Chlorophytum,  Haemanthus,  Crinum,  Clap- 
pertonia,  Physalis,  Strophanthus. 

17.  Chromosome  Numbers  of  Three  Species  of  Amaryllis. 

Thelma  L.  Ficker;  Blandy  Experimental  Farm ,  University  of 
Virginia ,  Boyce. 

A  cytological  study  was  made  of  the  type  species  of  the  genus 
Amaryllis,  A.  belladonna  Linn.  This  species  is  broad-leaved  and  has  a 
2n  chromosome  number  of  22,  which  has  been  considered  as  the  diploid 
number  for  the  genus. 

Two  species  of  the  narrow-leaved  subgenus  Chilanthe  (Traub) 
proved  to  have  a  2n  chromosome  number  of  18. 

Theories  are  advanced  for  the  possible  origin  of  the  18-chromosome 
species. 


18.  Locus  of  Natural  Selection  in  an  Experimental  Population. 

Max  Levitan;  Department  of  Biology ,  Virginia  Polytechnic  Insti¬ 
tute. 

In  an  experimental  population  of  two  chromosomal  variants  of 
Drosophila  robusta,  an  equilibrium  between  them  was  established  through 
action  of  natural  selection.  The  population  was  apparently  panmictic.  In 
the  females  there  was  significant  differential  survival  between  egg  and 
adult  stages  favoring  the  heterozygotes.  No  such  differential  survival  was 
detected  in  males.  The  relative  survival  values  obtained  for  the  females 
were  similar  to  the  relative  adaptive  values  calculated  from  the  rate  of 
exchange  of  these  variants  in  prior  generations.  This  indicates  that 
differential  survival  among  the  females  was  the  primary,  if  not  the  sole, 
factor  in  natural  selection  in  this  population. 
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19.  A  Spontaneous  Sterile  Hybrid  between  Celosia  argentea  and  Celosia 

argentea  var.  cristata. 

William  F.  Grant;  The  Blandy  Experimental  Farm,  University  of 
Virginia,  Boyce. 

Quail  grass,  Celosia  argentea  L.,  and  the  common  ornamental  fas- 
ciated  cockscomb,  Celosia  argentea  var.  cristata  (L.)  Ktze.,  have  been 
grown  side  by  side  at  the  Blandy  Experimental  Farm  for  several  years. 
From  several  thousand  seedlings  of  C.  argentea,  which  have  bred  true 
for  a  number  of  years,  an  aberrant  plant  was  observed  by  Dr.  Orland 
E.  White.  This  plant  was  found  to  be  almost  sterile.  Upon  cytological 
examination  the  plant  was  found  to  possess  a  chromosome  number  of 
2n  —  54.  A  cytological  examination  of  the  putative  parents  yielded  a 
chromosome  number  of  2n  —  72  (C.  argentea ),  and  2n  =  36  (C.  argentea 
var.  cristata ),  which  confirms  the  chromosome  numbers  as  reported  by 
Wakakuwa  in  1931.  This,  along  with  morphological  evidence,  indicates 
the  plant  is  a  hybrid.  Fourteen  seeds  were  collected  from  this  hybrid, 
and  eight  seedlings  have  been  obtained.  Three  seedlings  have  been 
obtained.  Three  seedlings  have  been  examined  cytologically,  and  have 
a  chromosome  number  of  2n  =  54.  These  eight  F^  plants  have  reached 
the  flowering  stage,  and  in  general  morphological  features  are  much  like 
the  Fi  hybrid.  A  number  of  other  collections  of  Celosia  are  being  investi¬ 
gated  to  determine  the  stability  of  the  chromosome  number  of  the 
parental  types,  and  will  be  reported  on  at  a  later  date.  At  the  present 
time  five  different  collections,  from  different  Botanic  Gardens,  of  the 
C.  argentea  parent  have  been  examined,  and  all  possess  a  chromosome 
number  of  2n  =  72,  and  sixteen  collections  of  the  fasciated  types  have 
been  examined,  and  all  possess  a  chromosome  number  of  2n  =  36.  Some 
of  the  different  fasciated  types  examined  are:  Fiery  Feather,  Plumosa, 
Childsii,  Dwarf  White,  Gilbert’s  Harlequin,  and  Thompsonii. 


20.  Growth  Responses  of  Datura  stramonium  Embryos  to  Certain 
Nucleic  Acid  Components. 

Jacques  Rappaport;  Miller  School  of  Biology  and  Blandy  Experi¬ 
mental  Farm,  University  of  Virginia. 

Ribonucleic  acid  (RNA)  and  desoxyribonucleic  acid  (DRNA)  have 
different  inhibitory  effects  on  embryo  cultures  of  D.  stramonium.  RNA 
was  found  to  inhibit  ±  70%  whereas  DRNA  caused  only  ±  15%  inhibi¬ 
tion.  These  two  nucleic  acids,  aside  from  the  difference  in  their  sugar 
components,  differ  in  one  pyrimidine  constituent,  uracil  in  RNA  and 
thymine  in  DRNA.  In  preliminary  tests,  effects  of  some  nucleic  acid 
components  if  added  individually  to  embryo  cultures  were  investigated. 
Thymine,  guanine,  adenine,  and  d-ribose  did  not  show  any  significant 
effect  on  embryo  growth,  whereas  uracil  showed  an  inhibition  of  ±  40% 
at  a  concentration  of  100  p.p.m.  and  at  2  weeks  after  its  addition  to  the 
medium.  This  inhibition,  however,  did  not  remain  constant  at  subsequent 
measurements.  During  the  third  and  fourth  week  after  the  treatment 
a  regression  in  the  inhibition  was  observed.  At  the  end  of  the  fifth  week 
the  growth  curve  of  the  treated  embryos  reached  the  level  of  the  controls. 
Whether  this  regression  in  the  inhibition  caused  by  uracil  is  due  to  (1) 
a  gradual  adaptation  of  the  embryos  to  the  presence  of  uracil  or  (2)  to 
the  gradual  disappearance  of  the  uarcil  in  the  culture  medium  will  be 
investigated. 
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21.  The  Prothallus  of  Asplenium  montanum. 

Muriel  P.  Hegwood;  Miller  School  of  Biology ,  University  of 
Virginia. 

The  occurrence  of  the  prothallus  of  Mountain  Spleenwort,  Asplenium 
montanum  Willdenow,  is  reported  in  Giles  County,  Virginia  near  the 
Mountain  Lake  Biological  Station  where  it  has  become  perennial  under 
low  illumination  (1-3  foot-candles).  It  has  an  irregular  configuration 
and  proliferates  vegetatively.  It  also  produces  linear  gemmae  which  with¬ 
stand  extended  drought  and  germinate  into  new  prothalli  under  favorable 
conditions.  Binucleate  cells  are  occasionally  observed  in  the  prothallus 
adjacent  to  non-nucleate  cells. 

Normal  sex  organs  are  borne  by  the  prothallus,  but  no  normal 
gametes  are  produced.  However,  a  few  sporophytes  are  produced  by 
the  prothalli,  but  are  unable  to  survive  under  the  low  light  intensity. 
The  appearance  of  sporophytes  in  the  absence  of  normal  gametes  indi¬ 
cates  possible  apogamy  in  Asplenium  montanum. 

22.  The  Alternation  of  Generations. 

A.  M.  Showalter;  Madison  College.  (Presented  by  title.) 

23.  Distribution  of  Xerophyllum  asphodeloides  (L.)  Nutt,  in  the  Massa- 

nutten  Mountains. 

Lena  Artz;  Waterlich. 

One  of  the  conspicuous  members  of  the  New  Jersey  Pine  Barren 
flora  is  Xerophyllum  asphodeloides  (L.)  Nutt. 

In  Virginia,  this  member  of  the  Liliaceae  is  known  in  the  Alleghany, 
Blue  Ridge,  and  Massanutten  Mountains.  In  the  Massanutten  area,  in 
the  counties  of  Page,  Shenandoah,  and  Rockingham,  Turkey  Beard  seems 
to  be  limited  to  the  dry  sandstone  soils  of  the  western  slopes  of  the 
inner  ridges. 

The  plant  associates  of  Turkey  Beard  in  each  locality  in  the  Massa¬ 
nutten  area  are  almost  invariably  the  same.  Among  these  associates  are, 
always,  scrub  oak,  mountain  laurel,  wintergreen,  bracken  fern,  and 
others. 

24.  A  Naturally-Occurring  Triploid  Juniper. 

M.  L.  Stiff;  Blandy  Experimental  Farm,  University  of  Virginia, 
Boyce. 

Juniperus  virginiana  L.,  the  common  red  cedar,  has  been  reported 
by  Sax  and  Sax  (1933)  as  having  a  chromosome  complement  of  2n  ■  22. 
In  the  summer  of  1950,  a  triploid  Juniper  (3n  =  33)  was  discovered  at 
Blandy  Experimental  Farm.  The  polyploid  form  has  been  compared 
with  the  diploid  form  in  regard  to  chromosome  morphology,  stomatal 
size  and  vascular  anatomy.  Due  to  the  immaturity  of  the  specimen, 
pollen  morphology  could  not  be  compared. 

25.  New  or  Interesting  Bryophytes  Collected  by  Bayard  Long  in  South¬ 
eastern  Virginia. 

Paul  M.  Patterson;  Hollins  College. 

In  this  preliminary  report  on  a  collection  of  nearly  500  numbers 
made  at  various  intervals  between  1934  and  1942  by  Dr.  Long,  the  follow¬ 
ing  may  be  noted. 
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Range  extensions:  Anthoceros  Ravenelii,  a  southern  coastal  plain 
and  tropical  hepatic  is  reported  for  the  first  time  north  of  South  Carolina. 
Mnium  cinclidioides,  a  boreal,  circum-polar  moss  of  cold  bogs  and  swamps 
is  here  reported  for  the  first  time  south  of  New  Jersey. 

New  records  for  the  state:  The  two  peat-mosses,  Sphagnum 
erythrocalyx  and  S.  macrophyllum,  brings  the  total  for  this  group  to  22. 

Rare  or  interesting  bryophytes  previously  reported  in  Virginia  from 
one  or  two  counties.  The  figures  after  the  names  indicate  the  number 
of  additional  counties  where  they  are  now  known  to  occur  as  a  result 
of  Dr.  Long’s  collections.  The  first  seven  of  these  were  new  records  or 
range  extensions  in  the  1950  publications  on  Virginia  bryophytes. 
Hepatics:  Frullania  Kunzeii,  1;  Leucolejeunea  conchifolia  this,  the  third 
collection  in  the  state,  duplicates  a  former  county. 

Mosses:  Sphagnum  cyclophyllum,  3;  S.  tabular e,  1;  Brachelyma  subula- 
tum,  1;  Fissidens  Julianus,  2;  Helodium  paludosum,  1;  Sphagnum  cuspi- 
datum  var.  Torreyi,  1;  S',  magellanicum,  2;  Homalotheciella  fabrofolia, 
1;  Leskea  arenicola,  1;  and  Syrrhopodon  texanus,  1. 

The  total  number  of  bryophytes  now  known  from  Virginia  is  478. 

26.  The  Occurrence  and  Ontogeny  of  Hydathodes  in  the  Leaves  of 
Hygrophila  polysperma. 

W.  M.  Reams5  Jr.;  Department  of  Biology,  University  of  Rich¬ 
mond. 

Hygrophila  polysperma,  a  native  of  the  East  Indies,  has  recently 
been  introduced  into  this  country  and  has  been  found  to  flourish  in 
ponds  and  streams  of  the  Eastern  states.  This  aquatic  sends  up  aerial 
floral  spikes  which  facilitate  a  comparative  study  of  the  variation  in 
the  morphology  and  ontogeny  of  two  types  of  hydathodes,  water-stomata 
and  water-secretory  trichomes,  due  to  differences  of  environment.  The 
aquatic  leaves  contain  water-stomata  and  non-functional,  recessed 
trichome-hydathodes;  the  raised,  bulbous,  functional  trichome-hyda- 
thode,  and  water-stomata  are  typical  of  the  aerial  leaves;  and  upon  the 
bracts  are  found  only  water-stomata,  the  trichome-hydathodes  being 
replaced  by  simple  linear  hairs.  The  differentiation  of  the  three  trichome 
types  commences  after  the  second  cell  division  of  the  primordium.  Other 
points  of  interest,  such  as  cystoliths,  etc.,  are  mentioned. 

27.  The  Floral  Morphology  of  Cenchrus,  Pennisetum,  Setaria,  and 
Ixophorus. 

Ernest  R.  Sohns ;  College  of  William  and  Mary. 

The  morphology  of  the  fascicles  of  four  genera  of  grasses  is  con¬ 
sidered.  The  involucres  of  Cenchrus  and  Pennisetum  are  regarded  as 
composed  of  first  order  branches  and  their  associated  lateral  members 
more  or  less  fused  at  the  base.  The  fascicles  of  Setaria,  each  regarded 
as  a  small  panicle,  demonstrate  the  extreme  in  fascicle  branching.  The 
single  bristle  prolonged  behind  the  spikelet  of  Ixophorus  is  regarded  as 
a  continuation  of  the  axis. 

28.  The  Effect  of  2,  4-dichlorophenoxvacetic  Acid  on  the  Germination 
and  Seedling  Development  of  Allium  fistulosium. 

William  R.  Jenkins;  Miller  School  of  Biology,  University  of 
Virginia. 

Previous  results  have  shown  that  2,  4-D  inhibits  seed  germination 
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and  causes  severe  morphological  changes  in  seedlings  developed  from 
treated  seeds.  In  this  case,  seeds  of  Allium  fistulosum,  var.  White  Portu¬ 
gal,  were  soaked  for  24  hours  in  concentrations  of  10,  100,  and  1000  p.p.m. 
of  the  sodium  salt  of  the  acid.  Germination  was  reduced  to  16%  in  the 
highest,  34%,  and  86%  in  the  next  higher  concentrations.  The  control 
had  a  germination  of  97%. 

In  developing,  those  seedlings  from  treatments  of  100  and  1000  p.p.m. 
grew  in  an  upside-down  fashion,  the  root  tips  remaining  in  the  air  and 
not  reentering  the  soil  as  in  the  normal  condition.  In  neither  of  these 
cases  did  the  root  length  exceed  4  mm.  and  all  died  by  the  fifteenth  day. 
It  was  noted,  in  microscopical  sections,  that  there  was  no  elongation  of 
the  cells  in  the  area  of  elongation  of  these  roots. 

Swollen  regions,  about  twice  the  size  of  the  normal  stem,  were 
noted  just  above  the  root-shoot  transition  area.  It  was  seen  in  sections 
that  the  cells  of  the  cortex  were  greatly  enlarged,  and  with  treatment  of 
1000  p.p.m.  the  cell  walls  of  these  cells  appeared  to  be  disintegrating. 

Fine  stainless  steel  surgical  suture  wire  is  sewn  through  the  exo¬ 
skeleton  and  soft  tissues  from  one  point  on  an  epimeral  line  to  another 
point  on  the  same  line  so  chosen  that  the  wire  lies  perpendicular  to  the 
lines  and  in  an  anterior-posterior  direction,  and  the  serially  numbered 
tag  is  attached  to  the  loose  ends  of  the  wire. 

29.  Orcein,  Orange  G,  and  Picric  Acid  Staining  as  Applied  in  Skin 

and  Fiber  Studies. 

Lubow  A.  Margolena  and  Ethel  H.  Dolnick,  Animal  Fiber  Labora¬ 
tory,  Bureau  of  Animal  Industry,  U.  S.  Department  of  Agricul¬ 
ture . 

Staining  procedures  were  developed  to  facilitate  observations  of 
skin  differentiation  and  fiber  growth  in  wool  and  fur  bearing  animals. 
One  method  in  which  acid  orcein,  Mallory’s  phosphomolybdic  acid,  anilin 
blue,  and  orange  G  were  used,  followed  by  alcoholic  orange  G,  is  particu¬ 
larly  recommended  for  the  differentiation  of  elastic  and  collagenic  fibers, 
keratin  and  blood  capillaries.  A  second  method  employs  ferric  chloride 
hematoxylin  which  is  destained  by  picric  acid  and  counterstained  by 
fast  green.  This  procedure  offers  a  dependable  check  on  the  first  method 
as  far  as  keratinization  is  concerned,  for  picric  acid  is  as  good  a  keratin 
stain  as  is  orange  G.  In  addition,  the  ferric  chloride  hematoxylin,  picric 
acid,  fast  green  combination  gives  a  clear  picture  particularly  suited  for 
studies  of  sebaceous  glands  and  chromatin  behavior. 

30.  A  New  Method  for  Tagging  the  Immature  Edible  Blue  Crab, 

Callinectes  sapidus  Rathbun. 

Willard  A.  Van  Engel;  Virginia  Fisheries  Laboratory,  Gloucester 
Point. 

The  application  of  serially  numbered  tags  in  life  history  studies  of 
the  blue  crab,  Callinectes  sapidus  Rathbun,  heretofore  has  been  limited 
to  sexually  mature  crabs.  The  attainment  of  sexual  maturity  is  accom¬ 
panied  by  a  cessation  of  growth;  molting  does  not  occur  again,  and  there¬ 
fore  tags  strapped  to  the  carapace  are  retained  for  the  remainder  of  the 
life  of  the  crab. 

Molting,  and  hence  growth,  of  the  immature  is  accompanied  by  the 
loss  of  any  tag  externally  strapped  to  the  carapace.  In  devising  a  method 
for  affixing  a  tag  that  would  be  permanently  retained,  advantage  is 
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taken  of  the  fact  that  during  molting  the  separation  of  the  exoskeleton 
into  dorsal  and  ventral  portions  occurs  along  definite  lines  of  dissolution, 
the  epimeral  lines. 

31.  Expanding  Seed-Oyster  Production  in  Virginia. 

Jay  D.  Andrews  ;  Virginia  Fisheries  Laboratory,  Gloucester  Point. 

Most  oyster  planters  in  Virginia  transplant  young  oysters  from  seed 
beds  to  growing  grounds  where  they  are  left  until  large  enough  to 
harvest.  A  continuous  and  abundant  supply  of  seed  is  essential  to  the 
industry.  While  at  present  most  seed  oysters  are  produced  in  the  James 
River,  records  over  the  past  few  years  indicate  there  are  a  number  of 
small  rivers  and  tributaries  in  Tidewater  Virginia  which  have  an  annual 
set  of  young  oysters  in  sufficient  numbers  to  be  used  as  seed  areas.  Devel¬ 
opment  of  new  seed  areas  close  to  the  growing  areas  would  reduce 
transportation  costs  and  furnish  more  seed  oysters  at  a  cheaper  price. 

32.  Range  and  Habitat  of  the  Clam  Polymesoda  caroliniana  (Bose) 

in  Virginia  (Family  Corbiculidae). 

Jay  D.  Andrews;  Virginia  Fisheries  Laboratory ,  Gloucester  Point. 

Polymesoda  caroliniana  (Bose),  a  brackish  water  clam  which  ranges 
north  from  Vera  Cruz,  Mexico,  has  not  previously  been  reported  north 
of  the  Neuse  River,  N.  C.  Specimens  have  been  collected  in  the  James 
River  from  Jamestown  Island  to  the  mouth  of  the  Warwick  River,  a 
salinity  range  of  nearly  fresh  water  to  15  parts  per  thousand  respectively. 

Several  diverse-appearing  intertidal  habitats  are  described,  all  of 
which  provide  protection  from  the  mechanical  action  of  waves  and  tides. 

33.  Gray’s  Manual  of  Botany,  Eighth  Edition  and  its  Influence  in 

Developing  a  Virginia  Flora. 

A.  B.  Massey;  Virginia  Polytechnic  Institute. 

The  appearance  of  the  eighth  edition  of  Gray’s  Manual  of  Botany 
by  M.  L.  Fernald  gives  a  distinct  impetus  to  those  working  on  the  plant 
life  of  Virginia.  Gray’s  manual  has  been  the  authority  in  botany  of  the 
northeastern  states  for  more  than  100  years.  Fernald  was  junior  author 

of  the  seventh  edition,  which  was  published  in  1908.  The  eighth  edition 
is  the  culmination  of  the  life  work  of  Dr.  Fernald.  Being  especially  active 
in  the  field,  Fernald  has  woven  into  the  eighth  edition  much  valuable 
information  not  found  in  the  earlier  editions.  The  results  of  extensive 
field  studies  in  southeastern  Virginia  are  incorporated  in  the  manual; 
hence  it  is  especially  an  asset  to  the  work  leading  to  a  Flora  of  Virginia. 

34.  Some  Problems  and  Difficulties  in  the  Study  of  the  Myxophyceae. 

Elton  C.  Cocke;  Wake  Forest  College,  Wake  Forest,  N.  C. 

The  study  of  the  blue-green  algae  presents  a  number  of  difficulties 
and  problems,  not  the  least  of  which  is  the  lack  of  a  good  book  on  the 
identification  of  this  group.  Correct  identification  to  species  necessitates 
the  examination  of  the  plants  in  the  mature  form  and  with  gonidia  or 
hormogonia  in  ripe  condition.  So  frequently  specimens  are  encountered 
in  which  the  spores  or  hormogonia  are  not  present.  Furthermore,  many 
forms  vary  accroding  to  habitat;  this  makes  more  difficulties  for  phycolo- 
gists.  Some  specific  variations  due  to  environmental  conditions  will  be 
discussed  in  this  paper. 
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Minutes  of  the  Section  of  Chemistry  [5] 

J.  Robert  Taylor,,  Chairman 
W.  Schuyler  Miller,  Secretary 
William  E.  Trout,  Jr.,  Section  Editor  (1952) 

FRIDAY,  MAY  11,  1951  —  9:30  A.  M.  —  AUDITORIUM,  MAIN 

BUILDING 

Announcements.  Chairman  J.  Robert  Taylor;  American  Viscose 
Corporation,  Roanoke. 

1.  Some  Factors  Influencing  the  Color  and  Composition  of  Complex 

Ions  in  Aqueous  Solutions. 

James  W.  Cole,  Jr.  and  Lewis  G.  Cochran;  University  of  Virginia. 

The  development  of  a  reasonable  theory  of  color  of  inorganic  com¬ 
plex  compounds  and  ions  is  one  of  the  major  fundamental  problems  of 
chemistry.  Before  such  a  theory  can  be  proposed,  more  systematic  experi¬ 
mentation  is  needed  on  the  structural  and  energy  factors  which  give  rise 
to  color  in  some  of  the  well-known  substances.  The  present  work  repre¬ 
sents  a  progress  report  on  experiments  with  compounds  of  cobalt,  nickel, 
and  copper,  in  which  their  ions  are  complexed  with  water,  ammonia, 
polyamines,  ethanolamines,  glycols,  and  amino  acids.  Each  series  of  com¬ 
pounds  was  examined  chemically,  electrometrically,  and  spectrophoto- 
metrically  and  the  results  correlated.  It  appears  that  the  pH  and  par¬ 
ticularly  the  hydroxyl  ion  concentration  are  more  important  factors  than 
heretofore  assumed,  in  detremining  the  wave  length  of  maximum  light 
absorption  and  the  extinction  coefficient.  The  new  integrated  absorption 
variation  method  for  ascertaining  the  number  of  complexing  addenda, 
as  reported  previously  by  Cole  and  Chilton,  seems  more  adaptable  to 
the  systems  studied  than  some  of  the  standard  methods,  such  as  the 
technique  of  continuous  variations. 

2.  Spectrochemical  Analysis  of  Blood. 

Ralph  E.  Thiers  and  John  H.  Yoe;  Pratt  Trace  Analysis  Labora¬ 
tory,  University  of  Virginia. 

This  paper  is  a  progress  report  on  the  spectrochemical  analysis  of 
blood  for  traces  of  metals  going  on  at  the  Pratt  Trace  Analysis  Labora¬ 
tory  of  the  University  of  Virginia.  , 

The  work  is  part  of  a  survey  of  a  large  number  of  blood  samples 
undertaken  in  cooperation  with  a  group  under  Dr.  B.  S.  Leavell  in  the 
Department  of  Hematology  of  the  University  of  Virginia  Hospital.  Very 
complete  medical  histories  are  taken  as  well  as  much  information  which 
might  influence  trace  element  contents. 

Samples  are  being  taken  from  normal  people  as  well  as  from  patients, 
most  of  whom  are  suffering  from  blood  diseases. 

Extreme  care  is  being  taken  to  prevent  contamination,  and  to  date 
three  hundred  samples  have  been  taken  and  stored  until  analysis  in 
high-purity  polyethylene  bottles. 

Qualitative  analytical  data  for  twenty-four  samples,  showing  24 
elements,  and  semiquantitative  data  for  nine  elements  in  forty  samples 
are  given. 
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When  a  sufficiently  large  number  of  analyses  have  been  made, 
correlations  between  medical  data  and  trace  element  data  will  be  sought. 

3.  Spectrophotometric  Studies  on  the  Reaction  of  Platinum  with  Com¬ 
pounds  Containing  the  p-Nitrosophenylamino  Group. 

J.  Jack  Kirkland  and  John  H.  Yoe;  Pratt  Trace  Analysis  Labora¬ 
tory,  University  of  Virginia. 

A  progress  report  is  given  on  the  reaction  of  platinum  with  com¬ 
pounds  containing  the  p-nitrophenylamino  group  to  give  strongly  colored 
complexes  suitable  for  the  colorimetric  determination  of  trace  amounts 
of  this  metal.  Special  techniques  are  necessary  in  order  to  develop  the 
complex  for  satisfactory  colorimetric  studies.  Limit  of  sensitivity  of 
p-nitrosodimethylaniline  reagent  is  one  part  in  200,000,000  parts  solution. 

4.  New  Synthesis  of  Aromatic  Phosphorus  Compounds. 

Alfred  Burger  and  Norman  D.  Dawson;  University  of  Virginia. 

A  new  Grignard  method  has  been  developed  whereby  aromatic 
phosphonic  acids  (ArPO(OH)2)  of  definitely  predictable  structure  may 
be  prepared  unaccompanied  by  triarylphosphine  oxides  or  phosphines 
which  are  the  main  products  from  the  action  of  phosphorus  halides  on 
Grignard  reagents. 

Dialkyl  chlorophosphates  were  chosen  as  reagents  for  the  prepara¬ 
tion  of  dialkyl  aryl  phosphonates  because  their  lone  chlorine  atom  could 
be  expected  to  be  eliminated  first  with  the  establishment  of  carbon-to- 
phosphorus  linkage,  while  the  ester  groups  would  remain  unaffected  if 
the  arylmagnesium  halide  has  been  largely  consumed.  The  results  of 
our  investigations  indicate  that  this  is  the  mechanism  involved.  The 
reaction  has  been  extended  to  include  organolithium  compounds  with 
analogous  results. 

Organic  Reagents  in  Chemical  Analysis.1 

Ellen  D.  Valentine2;  George  P.  Phenix  H.  S.,  Hampton. 

Reactions  in  Gels ;  A  Beginning  in  Colloid  Chemistry.1 

Marcella  M.  Eubank;2’3  Wilson  Memorial  H.  S.,  Fisher sville. 

5.  Chemical  Analysis  of  Oyster,  Clam,  Mussell,  Anomia,  and  Barnacle 

Shells. 

A.  R.  Armstrong;  College  of  William  and  Mary. 


The  shape  and  thickness  of  oyster  shells  is  often  characteristic  of 
the  locality  of  growth.  The  shell  composition  is,  however,  independent 
of  shell  habitat.  Oyster  shells  are  composed  of  two  types  of  deposits, 
‘‘pearly”,  and  “chalky”,  which  vary  in  composition.  The  “chalky”  deposits 
are  the  richer  in  magnesium  and  in  organic  material.  Shells  with  a 
heavy  periostracum,  such  as  mussel,  give  high  values  for  organic  matter. 

Magnesium  was  the  most  variable  constituent,  typical  values  follows: 


Oyster  Clam 

whole  shell  1.20%  Anomia 

chalky  deposit  2.52%  Barnacle 

pearly  deposit  0.97% 

Mussel  0.48% 


0.56% 

2.48% 

3.75% 


1  Honorable  mention,  National  Science  Talent  Search. 

2  Recipient  of  Virginia  Section,  American  Chemical  Society,  Student  Award. 

3  Recipient  of  Catesby  Jones  Award. 
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6.  The  Reaction  of  Iron  With  Several  Substituted  Salicylic  Acids. 

Bernard  Howard2  and  A.  R.  Armstrong;  College  of  William  and 
Mary. 

The  5-sulfosalieylic  acid  forms  iron  [Fem]  complexes  of  greater 
stability  than  the  simple  salicylic  acid.  The  3,5-disulfosalicylic  acid  may 
may  therefore  form  iron  complexes  which  are  even  more  stable,  hence 
suitable  for  study  of  structure. 

The  3,5-disulfosalicylic  acid  has  been  prepared  and  a  study  of  the 
complexes  is  to  follow. 

7.  Progress  Report  on  Chromatographic  Adsorption  Qualitative  Analy¬ 
sis  for  Metal  Ions. 

Harriett  H.  Fillinger  and  Students  (paper  presented  by  Lois  Ann 
Trafton)  ;  Hollins  College. 

For  several  years  the  study  of  the  possible  use  of  chromatographic 
adsorption  methods  in  qualitative  analysis  for  cations  has  been  in  progress 
at  Hollins  College  with  many  students  participating.  A  very  satisfactory 
analysis  for  each  group  of  a  well-known  scheme  of  analysis  has  been 
worked  out.  The  chromatographic  adsorption  method,  which  is  a  rapid 
one,  promises  to  have  value  as  a  supplement  to  classical  qualitative 
analytical  methods.  It  is  hoped  that  a  continuation  of  the  study  will  re¬ 
sult  in  a  complete  supplementary  analysis.  A  brief  summary  of  the  results 
to  date  is  given. 

8.  Preparation  of  Standard  Hydrochloric  Acid  Solution  from  a  Con¬ 
stant  Boiling  Solution. 

J.  B.  Lucas,  Virginia  Polytechnic  Institute. 

Constant  boiling  hydrochloric  acid  is  easily  prepared  by  using  equal 
volumes  of  concentrated  HC1  and  water  and  distilling  from  a  side-neck 
flask.  By  the  time  one  fourth  of  the  solution  has  been  boiled  off,  the  re¬ 
mainder  will  have  a  constant  boiling  point.  Distill  over  two  thirids  of 
what  remains  and  discard  the  residue.  The  composition  of  this  acid  is 
given  in  most  handbooks  for  different  pressures.  At  the  elevation  of 
Blacksburg  we  have  found  that  if  the  distillation  is  carried  out  at  an 
atmospheric  pressure  of  between  710  and  715  mm  tenth  normal  acid  can 
be  prepared  to  an  accuracy  of  plus  or  minus  0.0003  by  diluting  32.6  ml 
of  the  constant  boiling  acid  to  two  liters.  The  constant  boiling  acid  does 
not  deteriorate  and  enough  may  be  prepared  at  one  time  to  last  for  years. 

9.  The  Determination  of  the  Rare  Earth  Elements  in  Phosphate  Rock. 

C.  W.  Bondurant  and  J.  B.  Lucas;  Virginia  Polytechnic  Insti¬ 
tute. 

A  macromethod  for  the  isolation  and  determination  of  the  rare  earth 
elements,  e.g.,  R203,  is  presented.  The  phosphate  rock  samples  are  en¬ 
riched  with  a  known  quantity  of  the  rare  earths.  On  the  basis  of  the 
recovery  of  the  rare  earths  from  standard  samples  a  reliable  correction 
for  the  solubility  loss  is  obtained. 

The  phosphate  rock  is  dried  and  brought  into  partial  solution  with 
1:1  HC1  followed  by  a  1:1  mixture  of  HNQ3  and  H2F2.  An  oxalate  pre¬ 
cipitation  from  this  solution  results  in  the  formation  of  the  rare  earth 
oxalates,  some  calcium  oxalate,  and  occlusion  of  an  appreciable  amount 
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of  Ca3(POt)2.  Conditions  of  precipitation  are  carefully  controlled  to 
mimimize  coprecipitation  and  solubility  losses.  Further  separation  of  the 
rare  earths  is  accomplished  by  an  ammonium  hydroxide  precipitation 
from  a  buffered  solution.  The  hydroxide  precipitate  is  dissolved  in  HC1 
and  then  passed  through  an  ion-exchange  column  containing  Amberlite 
IRA-410  resin  in  the  chloride  form.  This  reduces  the  concentration  of 
the  phosphate  ion.  Further  reduction  of  the  calcium  as  a  contaminant 
is  accomplished  by  a  second  hydroxide  precipitation.  This  precipitate 
is  dissolved  and  then  taken  up  in  a  5%  citric  acid  buffered  solution 
(pH  3.5).  The  last  traces  of  calcium  are  removed  from  the  rare  earths 
by  passing  the  solution  through  a  column  containing  Amberlite  IR-120 
resin  in  the  NH4+  form.  The  rare  earths  are  precipitated  from  the  eluate 
as  oxalates,  and  ignited  to  oxides.  Results  on  standard  samples  and  un¬ 
known  Tennessee  phosphate  rock  are  given. 

10.  The  Preparation  and  Some  Reactions  of  a  New  Silicon  Hydro¬ 
carbon. 

H.  Ritchey  and  H.  C.  Pitot;  Virginia  Military  Institute. 

A  new  organic-silicon  compound,  p-bis-trimethylsilyl  benzene  hav¬ 
ing  the  empirical  formulas  C12H22  Si2,  was  prepared  from  the  di-Grignard 
of  p-dibromobenzene  and  2  moles  of  trimethyl-chloro-silane. 

The  compound  is  a  white  crystalline  solid  with  a  melting  point  of  93°. 
Analytical  Data: 

%  C  Calculated  64.8  Found  64.62 

%  H  Calculated  10.0  Found  10.04 

No  silicon  determination  was  made;  however,  the  compound  gave 
a  very  positive  test  for  silicon.  Some  derivatives  of  this  compound  are 
now  being  prepared. 

11.  The  Reducing  Action  of  Different  Metals  in  Liquid  Ammonia.4 

Robert  C.  Krug  and  George  J.  Hsieh;  Virginia  Polytechnic  Insti¬ 
tute. 

Liquid  ammonia  is  an  excellent  medium  for  reduction  of  metals 
since  the  ammonia  dissolves  the  potent  alkali  metals.  The  metal-ammonia 
system  has  been  widely  investigated  relative  to  the  reduction  of  organic 
compounds.  Although,  many  peculiar  effects  as  regards  type  and  extent  of 
reduction  have  been  reported,  relatively  little  work  has  been  directed 
toward  the  investigation  of  the  cause  of  these  phenomena.  A  systematic 
investigation  of  the  reducing  action  of  different  metals  on  an  organic 
compound  in  liquid  ammonia  is  reported  for  the  first  time. 

The  metals  lithium,  sodium  and  beryllium  were  used  to  reduce 
methyl  ethyl  ketone  in  liquid  ammonia,  in  the  presence  of  ammonium 
salts  as  proton  donors.  The  greater  the  half-cell  potential  of  the  metal,  the 
greater  the  extent  of  reduction  effected  by  that  metal.  Results  showed 
that  a  high  concentration  of  the  ammonium  salt  as  a  proton  donor  favors 
the  formation  of  hydrogen  and  decreases  the  reduction  of  methyl  ethyl 
ketone.  A  mechanism  of  the  reducing  action  of  the  system  metal-ammon¬ 
ium  on  methyl  ethyl  ketone  is  presented.  The  possibility  of  selective  re¬ 
duction  of  polyfunctional  molecules  is  mentioned. 

12.  Electrodeposition  of  Thin  Films  of  Titanium  from  Aqueous  Solution. 

Francis  J.  Denise  and  Henry  Leidheiser,  Jr.;  Virginia  Institute 
for  Scientific  Research,  Richmond. 
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Thin,  bright,  metallic  films  have  been  plated  on  copper  from  a  titan¬ 
ium  sulfate,  citric  acid,  sodium  hydroxide  bath  at  high  current  density. 
The  surface  treatment  of  the  cathode  preceeding  plating  was  important; 
the  best  results  were  obtained  with  electrolytically  polished  specimens. 
In  many  instances  the  deposits  disappeared  or  turned  black  upon  ex¬ 
posure  to  air.  In  other  instances  a  bright  metallic  lustre  was  maintained 
in  dry  air  for  extended  periods  of  time.  Probable  reasons  for  the  inability 
to  plate  thick  deposits  of  titanium  are  discussed. 


13.  The  Development  of  the  Electronic  Theory  of  Aromatic  Cyclodehy¬ 
dration. 

Frank  A.  Vingiello;  Virginia  Polytechnic  Institute. 

A  historical  presentation  of  the  mechanism  of  aromatic  cyclodehy¬ 
drations  is  given,  beginning  with  a  discussion  of  Bergmann’s  cyclization 
of  o-benzylbenzophenone  and  his  interpretation  of  the  reaction.  Ber¬ 
liner’s  and  then  Bradsher’s  contributions  of  this  work  are  then  discussed, 
followed  by  a  presentation  of  the  most  recent  electronic  interpretation 
of  the  reaction. 


14.  The  Synthesis  and  Cyclization  of  Some  2- (Substituted  benzyl)  - 
benzophenones. 

Frank  A.  Vingiello  and  James  G.  Van  Oot;  Virginia  Polytechnic 
Institute. 


Bradsher  and  Vingiello’s  recently  published  mechanism  for  the 
cyclization  of  o-benzylbenzophenones  was  described  (JACS  71  1434 
(1949)).  In  conclusion  these  authors  stated  that  the  rate  of  cyclization, 
for  similar  experimental  conditions,  depends  on  several  factors,  one  of 
these  being  the  electron  density  at  the  ortho  position  of  the  benzene  ring 
into  which  cyclization  takes  place.  We  now  have  experimental  evidence 
to  substantiate  this  statement  since  we  have  synthesized  and  measured 
the  rates  of  cyclization  of  several  2-benzylbenzophenones  substituted  in 
the  benzyl  ring.  The  results  are  summarized  below. 

Rates  of  Cyclization  of  Some  2-Benzylbenzophenones  Substituted  in  the 
Benzyl  Ring  at  117. 5°C 


Compound 

2-benzylbenzophenone 
2-  ( 2/-methylbenzyl )  -benzophenone 
2-  (3'-methylbenzyl)  -benzophenone 
2-  (4'-methylbenzyl)  -benzophenone 
2-  ( 3'- tr  ifluoromethylbenzyl )  -benzo¬ 
phenone 

2-  (4'-fluorobenzyl)  -benzophenone 


K,  (hrs.-1)  x  10-2 
4.4 
15.4 
200. 

13.8 


Does  not  cyclize  in  10  days 
Does  not  cyclize  in  3  days. 


In  each  of  the  ketones  where  a  methyl  group  has  been  substituted 
in  the  benzyl  ring,  the  rate  of  cyclization  is  greater  than  that  of  the  un¬ 
substituted  2-benzylbenzophenone.  The  methyl  group  presumably  acti¬ 
vates  the  ring  toward  electrophilic  attack  by  the  carbonium  ion  by  in¬ 
creasing  the  electron  density  in  the  ring. 

In  line  with  the  above  observation  is  the  fact  that  electron-attract¬ 
ing  groups  CF3,  and  F,  retard  the  reaction. 

The  syntheses  of  all  new  compounds  are  presented. 
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15.  Urethans  and  Ureas  from  Cyclic  Derivatives  of  Tris  (hydroxy¬ 
methyl)  aminomethane. 

J.  Stanton  Pierce  and  J.  L.  Ruslq  Jr.* 2;  University  of  Richmond. 

Tris  (hydroxymethyl)  aminomethane  (A)  reacts  with  cyclohexanone 
to  form  8,8-bis  (hydroxymethyl)  -7-aza-10-oxaspiro  (5.4)  decane.  The  lat¬ 
ter  compound  reacts  with  aryl  isocyanates  to  yield  7-arylcarbamyl  1 -8,8- 
bis  (hydroxymethyl)  -7-aza-10-oxaspiro  (5.4)  decanes  which  on  mild  hy¬ 
drolysis  yield  N-aryl-N '-tris  (hydroxymethyl)  methylureas,  the  same 
products  that  are  obtained  by  the  reaction  of  aryl  isocyanates  and  (A). 

Mono-N-arylcarbamates  of  (A)  can  not  be  made  directly  from  (A) 
but  are  prepared  as  the  hydrochlorides  by  the  reaction  of  aryl  isocya¬ 
nates  with  5-hydroxymethyl-2,8-diphenyl-l-aza-3,7-dioxabicyclo  (3.3.0) 
octane  (from  (A)  and  benzaldehyde)  and  the  hydrolysis  of  the  conden¬ 
sation  products  with  hydrochloric  acid. 


16.  Acylation  of  Tris  (hydroxymethyl)  aminomethane  and  Cyclic  De¬ 


rivatives. 


J.  Stanton  Pierce.,  Carl  D.  Lunsford  and  Theodore  Katz;  Uni¬ 
versity  of  Richmond. 

Although  direct  monoesterification  of  tris  (hydroxymethyl) -amino¬ 
methane  (A)  has  not  been  carried  cut,  monoacyl  derivatives  have  been 
prepared  by  indirect  syntheses  involving  5-hydroxymethyl-2,8-diphenyl- 
3,  7-dioxabicyelo  (3.3.0)  octanes  (B)  and  4, 4-bis  (hydroxymethyl) -2- 
phenyloxazolines  (C)  as  intermediates.  In  the  synthesis  involving  (B), 
4-acyloxymethyl-4-hydroxymethyl-2-phenyloxazolidine  hydrochlorides 
and  nitrates  and  3-acyl-4, 4-bis  (hydroxymethyl) -2-phenyloxazolidines 
were  isolated  as  intermediates. 

A  study  is  being  made  of  the  4, 4-bis  (acyloxymethyl)  -2-phenyloxa- 
zolines  formed  by  the  reaction  of  acyl  halides  and  (C).  Also,  the  diureth- 
ans  of  (C)  are  being  studied. 


17.  A  New  Colorimetric  Reagent  for  Molybdenum. 

Fritz  Will2  and  John  H.  Yoe;  Pratt  Trace  Analysis  Laboratory , 
University  of  Virginia. 

Disodium-1, 2-dihylroxybenzene-3, 5, disulfonate  (“Tiron”)  gives  a 
bright  yellow  color  with  molybdate  ions,  suitable  for  the  colorimetric 
determination  of  trace  quantities  of  molybdenum.  The  effect  of  certain 
variables  on  the  color  reaction  is  discussed  and  the  optimum  conditions 
for  its  use  as  a  reagent  for  molybdenum  is  given. 

The  compound  is  also  a  highly  sensitive  colorimetric  reagent  for 
trace  amounts  of  titanium  and  iron,  hence  the  name  “Tiron.”  The  latter 
uses  have  been  reported  previously  by  A.  L.  Jones  and  A.  R.  Armstrong, 
respectively. 
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18.  A  New  Colorimetric  Reagent  for  Zinc. 

Richard  M.  Rush2  and  John  H.  Yoe;  Pratt  Trace  Analysis  Labora¬ 
tory,  University  of  Virginia. 

It  has  been  found  that  zinc  ions  react  with  o-[L-  (2-hydroxy-5-sul- 
fophenylazo) -benzilidenehydrazino]  benzoic  acid,  yielding  a  blue  com¬ 
plex  that  is  suitable  for  the  determination  of  trace  quantities  of  zinc. 
Various  factors  affecting  the  reaction  are  discussed,  and  a  colorimetric 
procedure  for  zinc  is  outlined.  A  progress  report. 

Monosodium  Glucamate  as  a  Taste  Enhancer.* 1 

Fay  F.  Dixon2;  Wilson  Memorial  LI.  S.,  Fishersville. 

My  Perfume  and  Making  Money.1 

Ada  A.  Blackwell2;  Wilson  Memorial  H.  S.,  Fishersville. 

19.  Effect  of  Substitution  Degree  on  Fractionation  of  Cellulose  Nitrate. 

P.  C.  Scherer  and  Li-Hsi  Lou;  Virginia  Polytechnic  Institute. 

The  purpose  of  this  work  was  to  find  a  solvent-nonsolvent  system 
that  could  be  applied  throughout  all  ranges  of  D.  P.  and  D.  S.  The  frac¬ 
tional  precipitation  method  is  similar  to  the  one  developed  by  B.  J. 
Rouse  in  which  he  successfully  fractionated  cellulose  nitrate  of  12.12%  N. 

It  was  found  that  a  system  of  ethylacetate  and  acetone  mixture  as 
solvent  with  aqueous  acetone  as  nonsolvent  is  suitable  for  this  purpose. 
The  composition  of  the  solvent  and  the  nonsolvent  are  varied  for  different 
samples  in  order  to  get  a  hard  precipitate  and  a  flatter  precipitation  curve, 
both  of  which  allow  precise  fractionation. 

Standinger’s  viscosity  method  was  used  for  D.  P.  determinations. 

20.  Effect  of  Substitution  Degree  on  the  Fractionation  of  Ethyl  Cellu¬ 
lose. 

P.  C.  Scherer  and  J.  G.  Iacoviello;  Virginia  Polytechnic  Institute. 

The  purpose  of  this  work  was  to  find  a  solvent-nonsolvent  system 
that  could  be  applied  throughout  all  ranges  of  D.  P.  and  D.  S.  The  frac¬ 
tional  precipitation  method  employed  is  that  which  was  used  by  Dr.  R. 
McNeer  for  his  Master’s  Thesis.  His  research  was  done  with  one  sample 
of  ethyl  cellulose,  having  a  D.  S.  of  48.7%.  The  particular  system  used 
by  him,  however,  was  not  applicable  throughout  all  ranges  of  D.  S. 

It  was  found  that  in  order  to  dissolve  all  D.  S.  of  ethyl  cellulose,  a 
mixed  solvent  must  be  used.  The  solvent  employed  was  a  mixture  of 
benzene  and  methanol,  and  for  high  D.  S.  ranges  a  larger  amount  of 
benzene  and  a  smaller  amount  of  methanol  (80-20)  was  used.  As  the  D.  S. 
decreased  a  slight  increase  in  the  amount  of  polar  solvent  (70-30)  was 
used  in  the  mixture.  The  nonsolvent  used  in  all  cases  was  heptane,  usually 
mixed  with  some  benzene  so  as  to  modify  its  precipitation  action  and  to 
flatten  the  precipitation  curve  so  as  to  allow  precise  fractionation.  To  de¬ 
termine  the  D.  P.,  the  Standinger  method  was  used  with  calculated  con¬ 
stants. 
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21.  The  Oxidation  Rates  of  Different  Faces  of  a  Copper  Single  Crystal. 

John  V.  Cathcart2;  University  of  Virginia. 

A  method  is  described  for  accurately  determining  the  oxidation  rates 
of  several  crystal  planes  of  a  copper  single  crystal.  The  oxidations  were 
followed  by  making  oxide-thickness  measurements  with  a  polarizing 
spectrometer.  The  oxidation  rates  of  the  (100),  (111),  (110),  and  (311) 
faces  of  the  crystal  were  determined  at  five  temperatures  ranging  from  70 
to  170°  C.  A  regular  variation  in  rate  with  temperature  and  crystal  face 
was  noted;  at  all  temperatures  studied,  the  faces  in  the  order  of  decreasing 
oxidation  rates  were  the  (100),  (111),  (110),  and  (311).  The  ratio  of  the 
thickness  of  the  oxide  film  on  the  face  with  the  fastest  oxidation  rate,  the 
(100),  to  that  on  the  face  with  the  slowest  oxidation  rate,  the  (311), 
varied  from  2.1  to  10:1  depending  on  the  temperature.  It  was  also  found 
that  the  presence  of  trace  quantities  of  foreign  materials  during  the 
oxidation  caused  a  marked  increase  in  the  rates  of  oxidation  of  all  faces. 


22.  Electrochemical  Properties  of  Copper  Single  Crystals. 

Lewis  B.  Johnson2;  University  of  Virginia. 

A  study  of  the  electrochemical  properties  of  copper  single  crystals 
is  extremely  important  from  the  standpoint  of  the  corrosion  of  metals 
as  well  as  from  the  standpoint  of  a  more  thorough  understanding  of  the 
physico-chemical  properties  of  metallic  crystals. 

Previous  experiments  carried  out  in  this  laboratory  have  shown 
that  potential  differences  exist  between  (100)  and  (111)  faces  of  a  copper 
single  crystal  and  that  these  potential  differences  are  sensitive  to  changes 
in  the  solution  and  the  gases  dissolved  in  the  solution. 

The  present  investigation  was  undertaken  for  the  purpose  of  carry¬ 
ing  out  corrosion  experiments  under  more  closely  controlled  conditions 
of  surface  treatment  and  dissolved  gases.  Furthermore,  standard  electrode 
potentials  have  been  determined  for  five  different  copper  crystals  faces 
and  compared  to  that  of  polycrystalline  copper.  A  rough  correlation  has 
been  found  to  exist  between  the  oxidation  rates  of  different  crystal  faces 
and  the  oxidation  potentials. 

Theories  concerning  the  differences  in  potentials  between  different 
metals  are  reviewed,  and  attempts  are  made  to  apply  these  theories  to 
explain  the  potential  differences  between  crystal  faces. 

23.  The  Wettability  of  the  Crystallographic  Planes  of  Copper. 

Jerome  Kruger2;  University  of  Virginia. 

The  degree  of  wetting  can  be  measured  experimentally  by  deter¬ 
mining  the  angle  of  contact  between  a  liquid  and  the  solid  upon  which 
it  rests,  an  angle  of  0°  indicating  complete  wetting,  180°  non-wetting. 

Zisman  (J.  Colloid  Sci.  2  277  (1947))  has  shown  that  certain  long- 
chain  molecules  are  adsorbed  from  their  solutions  on  to  metal  surfaces, 
producing  surfaces  that  exhibit  high  contact  angles  with  water.  Leid- 
heiser  ( NACA  TA  No.  982  (1945))  has  shown  that  a  spherical  copper 
single  crystal  wets  preferentially  with  respect  to  crystallographic  plane  in 
liquid  stearic  acid. 
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In  this,  as  yet  exploratory,  investigation,  a  suitable  apparatus  for 
measuring  contact  angles  was  constructed.  If  the  adsorption  described 
by  Zisman  was  allowed  to  reach  equilibrium,  the  (111)  and  the  (100) 
faces  exhibited  the  same  contact  angle;  but  the  rate  of  approach  to 
equilibrium  differed  with  crystal  face,  the  rate  of  the  (100)  being  greater 
than  that  of  the  (111). 

It  was  also  found  that  atmosphere  plays  an  important  role,  hydrogen 
producing  a  decrease  with  respect  to  air  in  contact  angle. 

Differences  in  contact  angle  for  mercury  on  different  faces  of  copper 
and  for  water  on  oxidized  copper  were  also  found. 

The  results  observed  for  copper  containing  a  stearic  acid  film  appear 
to  fit  in  with  Leidheiser’s  results  and  with  oxidation  studies. 

24.  X-ray  Studies  on  Oxide  Films  on  Copper  Single  Crystals. 

Kenneth  R.  Lawless* 2;  University  of  Virginia. 

Previous  investigations  at  the  University  of  Virginia  have  shown  the 
importance  of  crystal  face  and  surface  preparation  in  the  oxidation  of 
metals.  A  study  has  been  made  of  the  structure  of  the  oxide  film  formed 
on  defferent  faces  of  copper  single  crystals  under  carefully  controlled 
conditions.  A  special  X-ray  diffraction  technique  has  been  developed  for 
these  studies  and  is  useful  for  studying  thin  films  in  the  range  from  100- 
5000  angstrom  units. 

It  was  found  that  the  oxide  film  showed  different  orientations  on 
different  crystal  faces.  The  oxide  structure  also  varied  depending  on  the 
thickness  of  the  oxide  film,  the  temperature  of  the  oxidation,  and  the 
pressure  of  oxygen. 

On  all  crystal  faces  the  oxide  was  highly  oriented  at  thicknesses  up 
to  3000  angstrom  units  when  formed  at  reduced  pressure.  The  orientation 
at  atmospheric  pressure  decreased  regularly  with  increasing  film  thick¬ 
ness.  The  orientation  increased  with  increasing  temperature. 

Contamination  of  the  crystal  surface  was  found  to  cause  the  oxide 
film  to  become  more  randomly  oriented  under  all  conditions. 

25.  Methods  of  Determining  Surface  Energy  of  Solids. 

Peter  B.  Sherry2;  University  of  Virginia. 

Until  recent  times  no  experimental  method  existed  for  determining 
the  surface  energy  or  the  surface  tension  of  substances  in  the  solid  state; 
however,  two  recent  investigations  show  promise. 

Undin,  in  1948,  hung  small  copper  wires  of  uniform  cross-section  in  a 
sealed  copper  oven.  To  each  of  the  wires  was  attached  a  small  weight, 
and  the  entire  system  was  evacuated  and  heated  to  a  controlled  tempera¬ 
ture  in  the  range  in  which  creep  is  appreciable  (900°C.  to  1000°C.)  The 
strain  could  then  be  found  as  a  function  of  the  stress,  and  the  stress  which 
produced  no  strain  could  be  determined.  From  the  geometry  of  the  wire, 
the  surface  tension  could  be  calculated.  The  lack  of  precision  inherent 
in  the  experimental  method  and  the  changes  in  the  crystal  system  due  to 
creep  are  two  fundamental  difficulties  in  adapting  this  experiment  to  the 
study  of  single  crystals. 

Another  approach  to  the  problem  of  surface  energy  is  the  study  of 
the  surface  by  means  of  an  electron  beam.  Certain  preliminary  work 


2  Recipient  of  the  Virginia  Section,  ACS,  Student  Awara. 
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330 


The  Virginia  Academy  of  Science 


along  these  lines  has  been  conducted.  The  electrons,  in  passing  near  the 
surface  of  a  single  crystal  of  copper,  will  be  deflected,  in  different 
amounts,  by  the  various  faces  of  the  single  crystal.  These  deflections 
may  be  analyzed  into  the  fields  producing  them,  and  it  is  hoped  that  a 
correlation  can  be  made,  on  some  theoretical  basis,  between  these  fields 
and  the  surface  energy. 

26.  Catalytic  Decomposition  of  Carbon  Monoxide  on  Faces  of  a  Nickel 

Single  Crystal. 

J.  Bruce  Wagner.,  Jr.2;  University  of  Virginia. 

Previous  investigations  at  this  laboratory  (Leidheiser  and  Gwathmey, 
JACS  70,  1206  (1948)  )  have  shown  that  carbon  is  selectively  deposited 
on  the  (III)  face  of  a  nickel  single  crystal  from  the  catalytic  decompo¬ 
sition  of  carbon  monoxide. 

Further  preliminary  studies  have  been  carried  out  in  order  to  learn 
more  of  this  reaction.  The  single  crystal  sphere  of  nickel  has  been 
subjected  to  various  surface  roughening  treatments  (e.g.,  electrolytic 
etching,  etching  in  various  acids,  the  catalytic  reaction  of  hydrogen  and 
oxygen  on  the  surface,  and  the  effect  of  tank  ammonia  on  the  surface) 
prior  to  the  deposition  of  carbon  from  the  catalytic  decomposition  of 
carbon  monoxide. 

Results  have  shown  that  in  all  experiments  performed,  the  deposition 
of  carbon  was  always  on  the  (111)  face  of  the  crystal  regardless  of 
previous  surface  treatment,  the  only  effect  being  a  difference  in  the 
length  of  time  required  for  the  carbon  deposition.  It  was  suggested 
that  the  roughening  of  certain  crystal  faces  often  produced  facets  on 
these  faces  parallel  to  other  crystal  planes.  However,  the  carbon  pattern 
obtained  was  the  same  for  all  cases  observed.  These  results  seemed  to 
indicate  that  the  catalytic  properties  of  the  faces  are  somehow  associated 
with  the  arrangement  of  atoms  beneath  the  surface. 

27.  The  Effect  of  Metallic  Salts  on  the  Production  of  Acid  by  Saliva 

Containing  Sucrose. 

J.  D.  Smith  and  J.  C.  Forbes;  Medical  College  of  Virginia. 

One  of  the  major  factors  in  dental  caries  is  the  production  of  acid 
from  fermentable  carbohydrates  by  organisms  in  the  mouth.  The  inhibi¬ 
tory  effect  of  various  organic  and  inorganic  metallic  salts  on  the  produc¬ 
tion  of  acid  has  been  studied  by  adding  sucrose  and  a  solution  of  the 
metal  salt  to  freshly  collected  saliva.  Copper,  nickel,  gold,  silver,  and 
mercury  salts  exerted  the  greatest  inhibitory  effect,  while  magnesium, 
cobalt,  manganese,  aluminum,  iron,  and  chromic  salts  showed  little 
or  no  activity.  Copper  concentrations  as  low  as  0.25  mg  per  100  ml 
of  saliva,  with  added  sucrose,  showed  definite  inhibition  of  acid  pro¬ 
duction.  In  a  number  of  tests  the  mouth  was  washed  with  a  solution 
containing  small  amounts  of  a  copper  salt,  and  saliva  samples  were 
collected  at  intervals  thereafter.  Sucrose  was  added  to  the  samples  and 
after  incubation  for  24  hours  the  pH  of  each  was  determined.  Noticable 
inhibition  of  acid  formation  was  shown  by  mouth-wash  solutions  con¬ 
taining  as  little  as  9.4  mg  of  copper  per  100  ml.  When  the  mouth  was 
washed  with  a  copper  salt  solution  at  intervals  during  the  day,  the 
inhibitory  action  could  be  maintained  for  a  24  hour  period. 
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28,  Study  of  the  Two-Liquid  Phase  Region  of  the  System,  UChSCh  - 

HsSCh  -  H2O. 

C.  H.  Secoy  and  R.  E.  Leed;1  Oak  Ridge  National  Laboratory , 
Oak  Ridge,  Tennessee. 

The  effect  of  sulfuric  acid  of  varying  concentrations  on  the  tem¬ 
perature-concentration  diagram  for  the  system  uranyl  sulfate  and  water 
in  the  vicinity  of  the  two  liquid  phase  region  was  studied. 

The  acid  was  found  to  increase  the  miscibility  and  to  shift  the 
minimum  critical  solution  point  to  higher  temperatures.  The  upper 
limit  of  the  two  liquid  phase  region  is  the  critical  temperature  of  the 
water-rich  phase  at  wdiich  the  water-rich  phase  becomes  identical 
with  the  vapor  phase  and  the  system  gains  a  degree  of  freedom.  The 
addition  of  sulfuric  acid  elevates  the  upper  critical  temperature,  not 
only  because  of  the  acid  present,  but  also  because  of  the  increased 
solubility  of  the  uranyl  sulfate  in  the  super-critical  fluid. 

The  appearance  of  the  two  liquid  layers  was  observed  by  the  follow¬ 
ing  steps:  (1)  a  weighed  amount  of  water  and  sulfuric  acid  of  known 
molarity  and  a  weighed  amount  of  uranyl  sulfate  of  known  composition 
were  placed  in  a  heavy  wall  quartz  capillary  tube;  (2)  permanent  gases 
were  removed  from  the  tube  by  alternate  freezing  and  thawing  of  the 
contents  under  vacuum;  (3)  the  tube  was  sealed  off  and  inserted  in 
an  aluminum  core  bomb  wound  with  nichrome,  attached  to  a  shaker; 
(4)  after  equilibrium  conditions  were  obtained,  the  temperatures  were 
read  by  an  iron-constant  in  thermocouple  at  the  appearance  and  dis¬ 
appearance  of  the  two  liquid  phases  within  0.50°C. 

At  the  higher  acid  concentrations  the  limitation  was  the  inability  to 
prepare  quartz  tubes  with  sufficient  strength  to  withstand  the  high 
pressures  developed. 

Business  Meeting 

W.  Schuyler  Miller,  Randolph-Macon  College,  was  elected  chairman 
and  Henry  Leidheiser,  Jr.,  Virginia  Institute  for  Scientific  Research,  was 
elected  secretary  of  the  Chemistry  Section  for  the  year  1951-52. 
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Minutes  of  the  Section  of  Education  [6] 

R.  Claude  Graham,  Chairman 
Z.  T.  Kyle,  Secretary 

Francis  G.  Lankford,  Section  Editor  (1952) 

FRIDAY,  MAY  11,  1951  —  9:00  A.  M.  —  ROOM  25,  MAIN 

BUILDING 

The  Accreditation  of  Virginia  Schools 

1,2.  Round-table  discussion  of  “Standards  for  Accrediting  the  Second¬ 
ary  Schools  of  Virginia”  and  “The  Standards  of  the  Commission  on 
Secondary  Schools  of  the  Southern  Association  of  Colleges  and 
Secondary  Schools.” — led  by  Thomas  T.  Hamilton,  Director  of 
Secondary  Education,  State  Department  of  Education,  and  B.  L. 
Stanley,  Chairman  of  the  Virginia  State  Committee  of  the  Southern 
Association. 

3.  The  Elementary  School  Principalship. 

Davis  Y.  Paschall;  Director  of  Elementary  Education.  (Presented 
by  title.) 

4.  Report  of  Teaching  Success  of  Recent  Graduates  of  Radford  College, 
as  Measured  by:  (a)  Superintendents,  Principals,  and  Supervisors; 
and  (b)  Graduate’s  Estimate  of  Extent  College  Courses  Contributed 
to  Teaching  Success. 

Minor  Wine  Thomas;  Radford  College.  (Presented  by  title.) 

Business  Meeting 

The  Committee  on  Nominations,  composed  of  A.  L.  Wingo,  Chairman  , 
Thomas  T.  Hamilton,  and  Floyd  F.  Swertfeger,  presented  the  following 
report:  “Your  Committee  makes  the  following  nominations: 

Z.  T.  Kyle,Chairman,  Supervisor  of  Guidance  and  Adult  Education, 
State  Department  of  Education;  Jack  Boger,  Secretary,  Assistant  Super¬ 
visor  of  Research,  Richmond  City  Schools;  and  Francis  G.  Lankford, 
Jr.,  Education  Editor,  Virginia  Journal  of  Science.”  On  motions  the 
nominations  were  closed  and  the  report  of  the  Nominating  Committee 
was  adopted  by  unanimous  vote. 

5.  Is  the  Lecture  Method  of  Instruction  Outmoded  in  Education? 

A.  W.  Hurd;  Medical  College  of  Virginia. 

One  of  the  solicited  student  suggestions  given  us  in  the  last  two 
years  criticizes  long  and  boring  lectures  as  most  unsatisfying  aspects 
of  medical  instruction.  In  hundreds  of  remarks  made  by  students,  there 
are  many  criticisms  of  lectures  as  the  most  common  form  of  instruction. 
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The  students  generally  feel  that  they  learn  better  by  concentrating 
on  laws,  principles,  and  generalizations  rather  than  by  too  much  attention 
to  details;  by  work  in  trying  to  solve  problems  related  to  the  work 
for  which  they  are  preparing;  by  setting  up  individual  projects  which 
require  student  initiative  and  planning.  They  wish  to  meet  situations 
to  which  they  are  to  be  exposed  later  so  as  to  give  best  judgments 
indicated  by  keen  and  discriminating  understanding  of  the  total  situ¬ 
ation.  They  do  not  feel  that  the  lecture  method  gives  them  enough 
chance  for  the  practiced  exercise  needed  in  their  professional  work. 

Furthermore,  they  would  like  more  frequent  and  more  objective 
evaluation  of  the  work  in  which  they  are  engaged  in  school.  They  think 
they  learn  best  by  having  clearly- thought-through  goals  in  mind;  indi¬ 
vidual  planning  of  the  best  means  by  which  to  reach  these  goals;  personal 
activity  in  the  doing  process;  and  frequent  evaluation  of  their  progress 
toward  the  achievement  of  the  goals. 

At  the  recent  convention  of  educational  organizations  in  Atlantic 
City,  one  report  given  intimated  that  a  particular  college  was  advisedly 
eliminating  the  lecture  plan.  There  seems  to  be  a  growing  criticism 
of  its  values. 

6.  Relationships  among  Certain  Educational  Variables. 

Alonzo  M.  Myster  and  Esther  V.  Short;  Virginia  State  College. 

This  paper  is  based  upon  performances  of  pupils  on  a  standardized 
test  designed  to  measure  achievement  in  reading,  vocabulary,  arithmetic 
fundamentals,  arithmetic  problems,  English,  literature,  geography,  sci¬ 
ence  and  spelling.  Measures  of  the  performance  of  Negro  pupils  of  the 
seventh  grade,  enrolled  in  the  public  schools  of  a  certain  county  of 
Virginia,  represent  the  data  of  the  investigation.  Estimates  of  the  co¬ 
efficient  of  correlation,  and  of  variance  of  each  variate,  are  presented 
for  schools  having  one  teacher,  two  teachers,  six  teachers,  and  ten  teachers. 

Estimates  of  the  parameters  of  correlation  and  variance  differ  widely 
from  one  type  of  school  to  another.  The  presentation  and  interpretation 
of  the  results  emphasize  implications  for  the  statistical  design  and  analy¬ 
sis  of  educational  investigations. 

7.  The  Language  Development  of  Bilingual,  Identical  Twins,  In  Eng¬ 
lish  and  Chinese,  with  Educational  Implications  for  Language 

Teaching. 

C.  Hart  Westbrook;  University  of  Shanghai. 

Both  had  I.Q.  133  at  W2  years  (Merrill-Palmer) ;  social,  learning 
situaitons  kept  as  nearly  equal  as  possible.  Parents  used  English,  servants 
used  Chinese,  chiefly,  first  two  years.  First  word,  Chinese,  168th  day,  by 
both;  first  English,  both,  36th  week;  bye-bye,  dada,  wa-wa,  Ah!  (desired 
object).  1  year,  both  14  words  (6  Chinese,  8  English).  Greater  vocalizer 
slightly  delayed  associating  word-meanings.  Both  made  almost  same 
sounds.  Only  six  English  sounds  (vowels)  recorded  not  in  Chinese. 
Only  bilingual  consonants  not  heard  were:  f,  j,  q,  v;  x,  not  listed;  z, 
infrequent  initially.  One  nasalized  vowel,  -ong,  only  Chinese.  Twenty- 
three  common  vowel  sounds  and  dipthongs  used.  Ou  and  Yu,  hard  for 
foreigners,  not  observed. 

The  Chinese  words  and  phrases,  number  512,  when  added  to  the 
589  English  words  and  phrases,  total  1101,  81  in  excess  of  the  1020  norm 
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of  Smith’s  Vocabulary  list.  But  the  bilingual  situation,  despite  parents’ 
efforts  to  make  the  situation  as  favorable  as  possible  for  English,  the 
mother  tongue,  had  been  harmful  for  the  English  development. 

The  deficiency  according  to  Smith’s  list  for  the  twins  would  be: 

1020  -  740  =  280  Words,  or  27.45%  English  Vocabulary  deficiency. 

Allowing  for  errors  of  observation  and  sampling,  the  twins  in  their 
situation  were  at  a  definite  disadvantage,  and  it  was  not  until  ten  years 
of  age  that  they  had  finally  come  up  to  the  average  English  vocabulary 
for  children  of  their  own  mental  age  and  I.Q.  who  are  monolinguals. 
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Minutes  of  the  Section  of  Engineering  [7] 

R.  E.  L.  Gildea,  Chairman 
B.  A.  Niemeier,  Secretary 
Nelson  F.  Murphy,  Section  Editor  (1953) 

FRIDAY,  MAY  11,  —  9:00  A.  M.  AND  SATURDAY,  MAY  12 
ROOM  12,  MAIN  BUILDING 

1.  Rigid  Space  Frame  Analysis  Using  Successive  Corrections. 

D.  H.  Pletta  and  R.  J.  Tedaldi,  Virginia  Polytechnic  Institute. 

The  analysis  of  rigid  space  frames  by  moment  distribution  involving 
successive  sideway  corrections  in  two  horizontal  directions  is  applied 
to  a  simple,  three-dimensional  rectangular  frame.  This  method  produces 
savings  of  time  and  labor  over  conventional  methods  of  analysis  using 
simultaneous  equations,  and  the  advantages  of  this  method  become  more 
marked  as  the  symmetry  of  a  structure  decreases  and  the  number  of 
degrees  of  freedom  increases. 

Calculations  were  checked  by  model  analysis  with  fairly  satisfactory 
results. 

2.  Analysis  of  Fink  Trussed  Bents  by  Moment  and  Thurst  Distribution. 

D.  H.  Pletta  and  V.  J.  Vitagliano,  Virginia  Polytechnic  Institute. 

The  analysis  of  multiple  aisle  trussed  bents  is  rather  time  consuming 
when  classical  methods  of  least  work  are  involved.  This  paper  presents 
an  analysis  based  on  moment  and  thrust  distribution  in  which  the  fixed 
end  reactions,  stiffness,  and  carry-over  factors  for  the  trusses  are  first 
calculated  and  these  constants  are  then  employed  in  a  modified  moment 
and  thrust  distribution  procedure  to  analyze  the  structure.  The  effect 
of  thrust  cannot  be  neglected  when  analyzing  trussed  bents  in  which 
the  truss  itself  is  arched.  The  results  by  moment  and  thrust  distribution 
were  checked  with  those  as  determined  by  least  work,  and  a  very  close 
correlation  was  obtained. 

3.  Experimental  and  Theoretical  Aspects  of  Skewed  Rigid  Frame 

Bridges. 

D.  H.  Pletta,  V.  G.  Szebehely,  and  M.  A.  Garcia;  Virginia  Poly¬ 
technic  Institute. 

The  theoretical  investigations  aiming  to  establish  “exact”  solutions 
for  any  boundary  condition  of  the  governing  differential  equation  of 
skewed  plates  are  presented.  Two  basically  different  methods  of  approach 
are  described,  and  relative  advantages  and  disadvantages  are  discussed. 
A  general  solution  in  form  of  undefined  functions  is  obtained  by  the 
method  of  characteristics. 

The  experimental  investigation  is  concerned  principally  with  the 
solving  of  certain  preliminary  problems,  which  have  presented  them¬ 
selves  in  conjunction  with  the  construction  of  'a  1/10  scale  model 
bridge.  Notably,  these  problems  are  the  effect  of  scale  variation  on 
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stress-load  ratios,  modulus  of  elasticity  and  Poisson’s  ratio,  and  the 
design  of  reaction  dynamometers  to  measure  the  variation  of  reaction 
components  along  the  hinged  footing. 

4.  Approximate  Matrix  Analysis  of  Two-Dimensional  Structural 

Frames. 

W.  P.  Murden,,  Jr.;  Virginia  Polytechnic  Institute. 

In  the  Transactions  of  The  American  Society  of  Civil  Engineers, 
Vol.  112,  1947,  S.  U.  Benscoter  presented  a  routine  for  the  analysis  of 
continuous  beams  on  non-settling  supports,  using  matrix  methods.  The 
present  paper  investigates  the  practicality  of  extending  these  matrix 
methods  to  the  analysis  of  two-dimensional  frames. 

Both  the  one-dimensional  and  two-dimensional  problems  involve 
determining  the  reciprocal  of  a  square  matrix,  the  “stiffness  matrix”, 
the  order  of  which  is  equal  to  the  number  of  rotating  joints,  if  joint 
translation  is  neglected.  In  the  one-dimensional  problem,  the  stiffness 
matrix  is  a  continuant  matrix,  the  reciprocal  of  which  may  be  rapidly 
calculated.  Such  is  not  the  case  in  the  two-dimensional  problem;  there¬ 
fore,  approximation  of  the  reciprocal  matrix  is  necessary  to  permit 
reasonable  rapid  solution.  This  paper  investigates  the  accuracy  of  solu¬ 
tions  obtained  with  approximate  reciprocals. 

5.  The  Improved  Hydraulic  Analogy. 

V.  G.  Szebehely  and  L.  F.  Whicker;  Virginia  Polytechnic  Insti¬ 
tute. 

The  realm  of  high  Mach  numbers  can  be  obtained  in  a  fluid  flow 
by  use  of  an  improved  hydraulic  analogy,  presented  in  the  paper.  The 
analogy  is  an  exact  method  by  which  aerodynamic  bodies  can  be  tested 
in  a  low  velocity  water  channel  and  the  results  correlated  with  those 
obtained  in  a  high  speed  wind  tunnel.  The  analogy  is  applicable  to  both 
subsonic  and  supersonic  flow,  but  greatest  use  of  it  can  be  made  in  the 
supersonic  range. 

By  use  of  the  presented  analogy,  it  is  no  longer  necessary  to  assume 
cp 

a  “hydraulic  gas”  with  Y  =  — -=  2.  The  y  =  1.4  value  for  air  can  be 

Cv 

obtained  by  using  a  parabolic  channel  and  y  =  1.5  by  use  of  a  triangular 
channel.  A  mathematical  proof,  along  with  experimental  verification  is 
offered.  Several  photographs  are  presented  which  show  a  very  close 
correlation  between  theoretical  and  experimental  results. 

6.  The  Use  of  Sterographic  Photography  to  Determine  the  Roughness 

Factor  Coefficient  in  Fluid  Flow  Measurements  (with  Three-Dimen¬ 
sional  Color  Slides). 

R.  H.  Tice;  U.  S.  Geological  Survey. 

Stereo-photography  has  increased  the  accuracy  of  Flood-flow  de¬ 
determinations  in  the  past  few  years.  The  factors  needed  in  Flood-flow 
determination  can  all  be  measured  in  the  field  except  for  the  channel 
roughness  coefficient.  The  selection  of  this  coefficient  requires  much  ex¬ 
perience  and  sound  judgment  in  a  very  specialized  field  of  hydraulics. 
Now  with  stereo-photographs,  realistic  pictures  of  channels  .with  known 
coefficients  can  be  compared  with  the  channel  for  which  the  coefficient 
is  desired. 
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Three-dimensional  color  slides  of  channels  with  verified  coefficients 
will  be  shown  along  with  slides  of  Virginia  streams  for  which  the  channel 
roughness  coefficient  was  needed. 

7.  Investigation  of  the  Motion  of  a  Sphere  in  a  Semi-Infinite  Fluid. 

V.  G.  Szebehely  and  S.  M.  Gay,  Jr.;  Virginia  Polytechnic  Insti¬ 
tute. 

The  governing  equation  of  motion  of  fluid  sphere  (air  bubble) 
rising  normal  to  the  surface  in  a  viscous  liquid  is  presented  and  the 
solution  is  established  for  six  special  cases.  The  effects  of  the  viscosity, 
bubble  weight,  buoyant  force,  virtual  mass,  and  surface  are  investigated 
separately  and  in  combination.  A  numerical  example  is  given  in  each 
case. 

It  is  shown  that  the  bubble  weight  and  surface  effect  may  be 
neglected  for  all  practical  considerations  while  neglecting  the  viscosity 
results  in  a  large  error.  If  the  virtual  mass  is  neglected,  an  abnormal 
value  for  the  initial  acceleration  is  found. 

8.  Influence  of  the  Second  Coefficient  of  Viscosity. 

V.  G.  Szebehely,  Virginia  Polytechnic  Institute. 

If  in  viscous  flow  problems  the  effect  of  compressibility  cannot  be 
neglected,  the  flow  cannot  be  described  by  means  of  a  simple  viscosity 
coefficient.  By  including  the  “second  viscosity  coefficient”  in  the  investi¬ 
gations,  a  rather  involved  equation  is  derived  in  the  paper  which  is 
applicable  to  steady  flow  problems.  As  basic  equations,  the  generalized 
Navier-Poisson-Duhem  equations,  the  continuity  equation  and  the 
equation  of  state  are  used;  the  latter,  due  to  its  special  form,  is  applicable 
to  liquids  only.  The  derived  equation  is  applicable  for  problems  where 
large  compressibility  as  well  as  viscous  effects  are  present,  such  as 
high-speed  underwater  objects  and  underwater  explosion  problems. 

9.  New  Analogy  for  Investigating  Compressible  Flow  Phenomena. 

V.  G.  Szebehely,  and  O.  G.  Barnes,  Jr.;  Virginia  Polytechnic 
Institute. 

A  development  of  the  analogy  between  shear  stress  in  a  twisted 
member  and  an  inflated  soap  membrance  is  presented  and  applied  to  the 
investigation  of  two  dimensional  subsonic  compressible  flow  problems. 

The  differential  equation  of  a  non-pressurized  soap  membrance  and 
the  basic  differential  equation  of  steady,  two  dimensional  potential  flow 
of  an  in  viscid,  compressible  fluid,  are  presented;  and  the  limitations  of 
the  existence  of  an  exact  analogy  are  shown. 

Theoretical  and  experimental  results  with  a  description  of  the  test 
apparatus  and  test  methods  accompany  the  presentation. 

10.  Alkali  Reaction  of  Concrete  Structures  in  Virginia. 

P.  L.  Melville;  Virginia  Council  of  Highway  Investigation  and 
Research. 

Chemical  reaction  between  certain  siliceous  compounds  found  in 
mineral  aggregates  and  alkalies  in  Portland  cement  has  been  found  re¬ 
sponsible  for  a  disintegration  of  concrete  in  structures.  The  reaction 
has  been  studied  for  a  number  of  years  in  California  by  T.  E.  Stanton 
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and  in  other  mid-  and  farwestern  states.  It  was  observed  as  far  back  as 
1922  in  the  Buck  Dam  on  the  New  River  (Carroll  County)  in  Virginia, 
but  little  attention  has  been  paid  to  the  possibility  that  the  poor  perform¬ 
ance  of  certain  concrete  structures  in  the  Commonwealth  may  result  from 
the  same  cause.  The  reaction  has  been  tentatively  identified  in  several 
highway  bridges  scattered  through  Virginia  and  has  been  recognized 
in  the  James  River  Bridge  in  Buchanan  (Botetourt  County).  The  symp¬ 
toms  are  as  follows:  wide  but  shallow  random  cracks  of  mass  concrete, 
exudations  of  white  to  yellow  siliceous  gel,  white  to  yellow  splotches, 
large  volumetric  expansion,  and  lifeless  appearance  of  the  concrete. 
Aggregates  which  are  potential  reactors  are  opal,  chalcedony,  some 
siliceous  limestones,  some  siliceous  gravels,  phyllite,  and  some  cherts. 
The  expansive  reaction  may  be  limited  by  reducing  the  total  alkali 
(NaOH  +  KOH)  in  the  cement  to  less  than  0.6%.  Since  no  cure  is 
known,  preventive  measures  appear  important  to  protect  concrete 
structures  in  Virginia. 

11.  The  Measurement  of  Moisture  Content  in  Concrete. 

R.  W.  Czban,,  University  of  Virginia. 

The  performance  of  concrete  as  it  ages  depends  in  a  large  extent 
upon  the  curing  treatment  given  it  the  first  few  weeks  after  pouring. 
Curing  concrete  consists  of  furnishing  an  adequate  supply  of  water  for 
the  proper  hydration  of  the  cement.  This  affects  not  only  the  strength 
and  watertightness  of  the  concrete  but  also  its  resistance  to  freezing  and 
thawing.  As  the  curing  treatment  is  critical,  the  Highway  Department 
is  interested  in  comparing  the  effectiveness  of  the  .various  methods 
now  employed. 

By  means  of  electrical  resistance  units  embedded  in  test  cylinders 
a  set  of  calibration  curves  were  obtained.  Three  types  of  moisture  units 
used  for  soils  were  investigated;  they  were  the  Berkley,  the  Bouyoucos 
Nylon,  and  the  Bouyoucos  Plaster  Block  units.  Only  the  plaster  block 
units  gave  satisfactory  results.  The  curves  show  the  percentage  of  free 
moisture  present  in  concrete  as  a  function  of  the  resistance  and  tempera¬ 
ture.  It  is  believed  that  calibration  curves  can  be  developed  that  will 
be  valid  for  any  type  concrete.  The  curves  will  be  used  to  compare 
various  curing  treatments.  The  equipment  used  in  the  investigation 
consists  of  a  compact  A.  C.  Ohm-meter  and  a  Western  Galvanometer, 
making  it  an  ideal  method  for  field  investigations. 

12.  The  Installation  of  a  Meteorological  Research  Station  at  the  Uni¬ 
versity  of  Virginia. 

R.  E.  L.  Gildea;  University  of  Virginia. 

A  brief  description  of  the  installation  and  instrumentation  of  a 
meteorological  research  station.  Purpose  and  use  of  data  from  station 
by  cooperating  agencies. 

13.  A  Rational  Approach  to  Waste  Treatment  Based  on  Studies  of 

Biological  Processes. 

P.  H.  McGauhey  and  E.  E.  Thompson;  Virginia  Polytechnic 
Institute. 

All  complete  treatment  of  municipal  and  industrial  waste  is  inevita¬ 
bly  a  biological  process.  Little  is  known  of  these  processes  and  much  less 
is  known  about  the  organisms  which  actually  carry  on  these  processes. 
This  lack  of  information  has  resulted  in  “cut  and  dried”  methods  of 
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design  and  operation  of  waste  treatment  plants.  Considerable  data  have 
been  compiled  on  the  design  and  operation  of  treatment  plants  from 
actual  operation.  Changes  have  been  made  in  treatment  equipment 
which  have  been  improvements  but  it  is  doubtful  whether  anyone 
actually  knows  the  true  reason  for  the  improved  conditions. 

With  these  facts  in  mind  and  with  the  critical  demand  for  sewage 
and  industrial  waste  treatment  plants,  it  seems  that  a  more  practical 
and  understood  method  of  design  and  operation  is  needed.  It  is  believed 
that  a  method  of  design  could  be  devised  based  on  the  studies  of  the 
biological  processes  and  organisms  involved  in  the  treatment  process. 
This  paper  presents  a  brief  summary  of  the  work  accomplished,  the 
work  that  is  going  on  today,  and  the  work  that  will  have  to  be  accom¬ 
plished  to  obtain  precision  in  modern  waste  treatment. 

14.  The  Application  of  the  Dropping  Mercury  Electrode  to  the  Study  of 
Respiration  Rates  of  Microorganisms  Associated  with  Waste  Treat¬ 
ment. 

P.  H.  McGauhey  and  L.  G.  Rich;  Virginia  Polytechnic  Institute. 

The  role  of  individual  species  of  microorganisms  in  the  biological 
treatment  of  wastes  may  be  evaluated  by  a  study  of  their  respiration 
rates  in  the  presence  of  these  wastes.  Most  current  respiration  studies 
have  been  carried  out  with  the  Warburg  respirometer,  an  apparatus 
which  measures  directly  the  reduction  of  the  partial  pressure  of  oxygen 
over  a  suspension  of  respiring  micro-organisms.  Because  such  equipment 
is  quite  expensive  and  limited  to  work  of  this  nature,  the  author  has 
endeavored  to  adapt  to  the  same  purpose  the  dropping  mercury  electrode, 
which  is  a  somewhat  less  expensive  apparatus  having  a  wide  use  in 
routine  analytical  work  in  the  laboratory  as  well. 

The  use  of  the  dropping  mercury  electrode  involves  the  measure¬ 
ment  of  the  reduction  in  dissolved  oxygen  within  the  suspension  of 
microorganisms.  The  required  apparatus  is  comprised  of  a  continual 
flow  of  mercury  drops  as  the  cathode,  a  quiet  mercury  pool  as  the 
anode,  and  an  electrical  circuit  capable  of  measuring  the  current  when 
a  potential  is  established  between  the  electrodes.  Since  the  amount 
of  current  is  directly  proportional  to  the  amount  of  dissolved  oxygen 
present  in  the  solutions  in  which  the  electrodes  are  immersed,  periodic 
readings  of  the  current  flow  will  determine  the  rate  of  oxygen  respiration 
of  whatever  microorganism  may  be  present. 

15.  The  Manometric  B.O.D.  of  Industrial  Waste  Utilizing  High  Con¬ 
centrations  of  Microorganisms. 

S.  E.  Ketner  and  P.  H.  Watkins,  Virginia  Polytechnic  Institute. 

The  B.O.D.  of  several  wastes  was  determined  by  measuring  the 
oxygen  uptake  of  high  concentrations  of  bacteria  in  the  presence  of 
the  waste.  These  determinations  involved  a  modification  of  the  resting 
cell  technique  used  in  conjunction  with  the  direct  Warburg  method. 
The  effects  of  waste  concentration,  bacterial  concentration,  bacterial 
culture  age,  and  environmental  temperature  were  studied. 

The  B.O.D.  of  sewage,  blowdown  liquor  from  a  semichemical  sulfite 
pulp  mill,  and  mixtures  of  the  two  wastes  was  determined  by  manometric 
means  in  an  average  time  of  one  hour.  Comparable  values  with  the 
standard  B.O.D.  were  obtained  for  sewage;  the  manometric  B.O.D.  ob¬ 
tained  was  413  ppm,  while  the  standard  five-day  B.O.D.  was  495  ppm. 
The  manometric  B.O.D.  of  the  blowdown  liquor  was  13,760  ppm,  while 
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the  standard  five-day  B.O.D.  was  37,800  ppm.  The  manometric  B.O.D. 
of  a  1:1  by  volume  mixture  of  sewage  and  blowdown  liquor  was  9,900 
ppm.  while  the  standard  five-day  B.O.D.  was  31,200  ppm. 

The  manometric  values  of  the  B.O.D.  were  found  to  be  independent 
of  bacterial  concentration  from  1.7  to  8.5  milligrams  of  dry  bacterial 
cells  per  milliliter  of  suspension,  independent  of  concentration  of  blow¬ 
down  liquor  at  volumetric  dilutions  from  1:125  to  1:1000,  and  indepen¬ 
dent  of  culture  ages  from  24  to  48  hours. 

Minutes  of  Engineering  Section  Business  Meeting 

The  business  meeting  of  the  Engineering  Section  was  held  at  3:58 
PM  on  May  11,  1951,  with  18  members  present  and  Dr.  R.  E.  L.  Gildea 
presiding.  The  minutes  of  the  previous  meeting  as  recorded  in  the  Pro¬ 
ceedings  of  the  Academy  were  read. 

Dr.  Nelson  Murphy  reported  discussions  which  had  been  held  in 
the  Council  meetings  of  the  Academy.  Dr.  Murphy  further  pointed  out 
that  all  members  present  could  help  the  Section  by  requesting  and  solicit¬ 
ing  papers  for  the  1952  meeting. 

Mr.  Melville  moved  that  the  Engineering  Section  request  that  the 
Council  of  the  Academy  recognize  equally  all  academic  degrees.,  especially 
as  regards  the  May  Proceedings  of  the  Academy.  Dr.  Vilbrandt  seconded 
the  motion  which  was  passed  unanimously  by  the  Section. 

Dr.  Gildea  reported  on  the  budget  and  asked  for  discussion  con¬ 
cerning  papers  from  non-members.  No  objection  was  voiced  concerning 
papers  from  persons  who  are  not  members. 

The  Nominating  Committee.,  consisting  of  Dr.  D.  H.  Pletta,  Chair- 
man,  Mr.  Don  Wallace,  and  Mr.  Phillip  Melville,  reported  as  follows: 
Mr.  B.  A.  Niemeier,  Chairman;  Dr.  V.  G.  Szebehely,  Secretary;  and 
Dr.  Nelson  F.  Murphy,  Section  Editor. 

Dr.  Murphy  moved  that  the  report  of  the  Nominating  Committee 
be  accepted.  The  Chairman,  Dr.  Gildea,  requested  further  nominations 
from  the  floor.  There  being  none,  a  motion  that  the  nominations  be 
closed  was  accepted,  unanimously  electing  the  officers  of  the  Engineering 
Section  as  outlined  on  the  slate  provided  by  the  Nominating  Committee. 

Adjournment  followed  motions  by  Mr.  Phillip  Melville,  et  al .,  ex¬ 
pressing  thanks  to  the  Chairman  for  an  excellent  meeting. 

16.  Ultrasonic  Coagulation  of  Phosphate  Tailing  -  Part  II. 

Dudley  Thompson;  Virginia  Polytechnic  Institute. 

Phosphate”  tailing  samples  were  subjected  to  an  ultrasonic  field, 
varying  from  400  to  1500  kilocycles  and  with  an  apparent  power  density 
ranging  from  0  to  219  watts  per  square  centimeter,  to  ascertain  the  effect 
on  the  rate  of  coagulation  and  settling  of  the  solids  in  the  tailing  sus¬ 
pension. 

A  4.46-per  cent  suspension,  dispersed  with  1.0  gram  of  sodium  hy¬ 
droxide  and  subsequently  flocculated  by  the  addition  of  2.5  grams  of  gyp¬ 
sum  per  kilogram  of  soiids,  was  subjected  to  an  ultrasonic  field  of  400 


Proceedings  1950-1951 


341 


kilocycles  and  a  power  density  of  1.66  watts  per  square  centimeter. 
Solids  settled  from  20  to  14  centimeters  in  approximately  one  hour  and 
a  quarter.  An  identical  sample,  not  subjected  to  an  ultrasonic  field, 
required  approximately  22  hours  to  settle  this  same  distance.  At  the 
end  of  the  first  hour  a  maximum  settling  rate  of  5.7  centimeters  per 
hour  was  attained  at  a  height  of  16.5  centimeters  by  the  insonated  sample 
while  the  maximum  rate  of  1.0  centimeters  by  the  insonated  sample 
while  the  maximum  rate  of  1.0  centimeters  per  hour  was  attained  at  the 
end  of  the  first  hour  by  the  control  at  a  height  of  19.0  centimeters.  Under 
these  conditions  the  ultrasonic  field  produced  a  500  per  cent  increase  in 
the  initial  settling  rate  of  the  phosphate  tailing  solids. 

17.  Development  Studies  on  the  Production  of  Sodium  Trichloroacetic 
Acid  Herbicide. 

F.  C.  Vilbrandt  and  W.  V.  Brown;  Virginia  Polytechnic  Institute. 

The  experimental  work  on  the  production  of  trichloroacetic  acid 
from  acetic  acid  and  chlorine  involved  the  chlorination  of  glacial  acetic 
acid  in  the  presence  of  red  phosphorus,  utilizing  glass  reactors  of  liter 
capacity,  reaction  temperatures  of  from  68  to  320 °F,  atmospheric  pressures, 
liquid  phase,  excess  chlorine;  and  a  semi-batch  process  in  the  absence 
of  actinic  light. 

Trichloroacetic  acid  was  produced  in  an  82  per  cent  concentration, 
a  63.5  per  cent  yield,  in  a  reaction  time  of  90  hours,  and  utilizing  68 
to  250  per  cent  excess  chlorine. 

Improper  chlorine  distribution,  incomplete  condensation  of  vapor¬ 
ized  intermediate  and  final  products  from  the  gases  leaving  the  chlorin- 
ator  and  pyrogenation  of  trichloroacetic  acid  were  found  to  affect  a 
yield  reduction.  Appreciable  pyrogenation  does  not  occur  in  liquid  phase 
chlorination  below  320 °F. 

18.  Elimination  of  Insect  Contamination  from  Bread  Corn. 

N.  F.  Murphy  and  C.  L.  Kingrea;  Virginia  Polytechnic  Institute. 

Corn  millers  who  produce  meal  for  human  consumption  have  diffi¬ 
culty  in  manufacturing  a  product  that  is  free  from  insect  contamination. 
This  contamination  consisting  of  insect  parts,  eggs,  and  larvae  is  counted 
microscopically  and  is  recorded  as  fragments  per  50  gram  sample. 

The  major  source  of  contamination  is  due  to  live  insect  infestation 
while  the  corn  is  in  some  phase  of  storage.  The  rice  weevil  is  the  primary 
insect  infesting  corn  in  the  South,  although  other  grain  insects  may  be 
a  problem,  particularly  in  an  infested  processing  mill. 

The  method  of  control  most  used  at  present  has  been  the  fumigation 
of  large  bins  of  grain  with  volatile  organic  liquid  fumigants  such  as 
carbon  disulphide  -  carbon  tetrachloride,  ethylene  dichloride  -  carbon 
tetrachloride,  and  ethylene  bromide  -  carbon  tetrachloride  mixtures. 
Hydrogen  cyanide,  methyl  bromide,  and  chloropicrin  are  used  for  space 
fumigation  of  the  mill  buildings  and  equipment. 

During  the  milling  process,  infestation  can  be  killed  in  the  grain 
by  the  “Entoleter”  centrifugal  impact  machine.  Infrared  and  dielectric 
heating  have  also  received  consideration  for  insect  killing. 

A  continuous  program  of  rapid  fumigation  in  a  nearly  saturated 
atmosphere  has  given  very  good  results  in  killing  insects  in  laboratory 
tests.  Equipment  suitable  for  applying  this  method  on  a  commercial  scale 
can  be  constructed  easily  by  modifying  commercial  vapor  degreasing 
equipment. 
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19.  The  Determination  of  the  Bed-Wall  Coefficient  of  Heat  Transfer 
in  an  Externally  Heated  Fluidized  Bed. 

F.  W.  Bull,  H.  R.  Sanders,  and  R.  C.  Peterson;  Virginia  Poly¬ 
technic  Institute. 

The  heat  transfer  coefficients  to  a  fixed  fluidized  bed  were  determined 
in  a  steel  reactor  3  inches  in  diameter.  The  beds  was  29  inches  high  at 
minimum  voidage  and  consisted  of  rounded  Ottawa  sand  (20/30  mesh) 
fluidized  by  air.  Heat  transfer  data  were  obtained  at  outer  wall  tempera¬ 
tures  of  200,  400,  and  600  F.,  at  mass  superficial  air  velocities  of  82.5, 

123.2,  170.3,  and  217.5  pounds  per  hour-square  foot. 

The  coefficients  ranged  from  1.62  to  14.52  Btu/hr-sq  ft-°F,  with  the 
higher  values  occurring  at  400  °F  and  intermediate  air  velocities.  These 
coefficients  were  from  1.2  to  6.5  times  the  coefficients  found  at  corres¬ 
ponding  bed  wall  temperatures  with  no  solids  present  in  the  reactor. 

20.  Heat  Transfer  from  Vertical  Finned  Tubes  to  Boiling  Organic 
Liquids. 

O.  E.  Tarbell  and  R.  M.  Hubbard;  University  of  Virginia. 

Apparatus  for  measuring  the  heat  transfer  coefficient  from  a  vertical 
finned  tube  heater  to  boiling  organic  liquids  is  described.  The  factors 
affecting  fine  effectiveness  are  discussed,  and  a  means  of  studying  this 
property  of  finned  heating  surface  is  described. 

21.  Thermal  Vs  Catalytic  Cracking  in  Standard  Test  Unit. 

F.  W.  Bull  and  E.  T.  Ruehl;  Virginia  Polytechnic  Institute. 

A  standard  light  East  Texas  gas  oil  was  cracked  in  a  vertical  bench- 
scale  fixed-bed  catalyst  activity  test  unit.  Cracking  was  done  at  tem¬ 
peratures  ranging  from  500  to  1200  F.  over  a  Houdry  pellet  catalyst  and 
over  silica.  From  the  data  obtained  a  comparison  of  the  cracking  that 
occurred  in  the  presence  of  a  catalyst  was  possible.  At  approximately 
1200  °F.  the  amount  of  cracking  becomes  the  same  for  the  catalytic 
and  noncatalytic  conditions. 

22.  A  Study  of  a  Freeze-Dryer  by  Determining  the  Maximum  Vaporizer 
Temperature  for  the  Freeze-Drying  of  Karo  Syrup,  Rabbit  Serum, 
and  Rabbit  Plasma. 

J.  Maziuk  and  P.  H.  Watkins;  Virginia  Polytechnic  Institute. 

A  study  of  a  laboratory  freeze-dryer  was  made  by  determining  the 
maximum  vaporizer  temperature  for  the  freeze-drying  of  Karo  syrup, 
rabbit  serum,  and  rabbit  plasma.  The  material  being  lyophilized  was 
contained  in  a  250-milliliter  centrifuge  bottle.  The  samples  were  mechani¬ 
cally  shelled  at  43  rpm  in  a  dry  ice-acetone  bath.  Heat  for  drying  was 
supplied  either  from  the  surrounding  air  or  from  a  constant  temperature 
water  bath.  Vacuum  ranged  from  100  to  250  microns. 

The  effect  of  temperature  of  vaporizer  surroundings  was  studied. 
Karo  was  not  dried  because  of  melting  when  either  water  bath  or 
surrounding  air  was  used  as  the  heat  source.  The  maximum  bath  tempera¬ 
ture  used  for  the  drying  of  the  serum  and  plasma  was  +  43  °C,  the  limit 
of  the  apparatus  used.  Twenty-milliliter  samples  of  serum  and  plasma 
were  dried  using  surrounding  heat  to  7.75  and  7.83  per  cent  moisture 
on  a  dry  basis  in  90  minutes  drying  time.  Drying  using  water  bath  heat 
at  17  °C  produced  a  sample  of  11.6  per  cent  moisture  in  30  minutes  drying 
time.  The  usual  constant  rate  and  falling  rate  periods  were  observed, 


Proceedings  1950-1951 


343 


but  water  bath  heating  eliminated  the  constant  rate  period  within  5 
minutes  of  the  start  of  test.  The  data  obtained  were  correlated  by  graph¬ 
ical  means.  Bath  heating  produced  more  flash  vaporization  and  a  dried 
product  which  appeared  to  be  case-hardened.  The  product  from  sur¬ 
rounding  heating  was  fluffy  and  porous. 

23.  Catalyst’s  Evaluations  for  Hydrogenation  of  Midlothian  Coal. 

R.  G.  Harmon,  L.  D.  Jordan,  and  F.  W.  Bull;  Virginia  Polytech¬ 
nic  Institute. 

Data  were  obtained  on  the  percent  liquifaction  of  Midlothian  coal 
using  tin,  zinc,  and  Bayermasse  catalyst.  The  initial  hydrogen  pressures 
were  1100,  1800,  and  2000  pounds  per  square  inch,  gage,  and  the  tempera¬ 
ture  of  hydrogenation  was  385  °C.  Using  the  tin  and  zinc  catalysts,  a 
weight  ratio  of  catalyst  to  coal  of  1:100  was  utilized.  A  weight  ratio  of 
5:100  was  used  in  the  care  of  the  Bayermasse  catalyst.  The  ratios  of 
vehicle  to  coal  were  40  ml:  40  grams,  and  80  ml.:  20  grams  respectively. 

24.  Solubilities  in  the  System  Sodium  Sulfate-Isopropanol-Water. 

W.  B.  Blakev,  L.  R.  Powers  and  O.  L.  Updike;  E.  I.  duPont  de 
Nemours,  Wilmington,  Delaware ;  Carbide  &  Carbon  Chemicals 
Division,  Oak  Ridge,  Tenn.j  University  of  Virginia. 

Solubilities  of  sodium  sulfate  in  mixtures  of  isopropanol  and  water 
at  temperatures  of  30°  and  40  °C.  were  determined  and  are  presented 
as  triangular  phase  diagrams.  Methods  employed  were  principally  cloud 
point  determinations  and  direct  analysis  of  solutions.  Feasibility  of  a 
process  to  dehydrate  sodium  sulfate  by  salting  out  aqueous  solutions 
with  isopropanol  was  found  to  depend  on  highly  efficient  isopropanol 
recovery. 

25.  A  New  Chemical  Coating  for  Aluminum. 

N.  F.  Murphy,  R.  L.  Scott,  and  T.  Y.  Chao;  Virginia  Polytechnic 
Institute. 

Aluminum  metal  has  found  increasing  use  in  the  chemical  industry 
because  of  its  light  weight  and  resistance  to  corrosion  by  many  chemicals. 

Nature  provides  aluminum  with  an  adequate  protective  oxide  coating 
for  many  conditions  to  which  aluminum  might  be  submitted.  Methods 
have  been  developed  that  help  build  up  oxide  coatings  and  for  electro- 
depositing  other  metals  on  to  aluminum  for  increased  protection  from 
corrosion. 

A  method  of  forming  a  new  coating  on  aluminum  is  presented. 
This  black  coating  may  be  formed  on  an  aluminum  surface  by  dipping 
the  metal  into  a  molten  mixture  of  sodium  lithium  borate  or  may  be 
electrodeposited  onto  other  metals  by  electrolysis  in  a  mixture  of 
aluminum  phosphate  in  the  molten  sodium  lithium  borate.  The  film 
shows  resistance  to  solution  by  all  the  mineral  acids,  the  alkali  hy¬ 
droxides,  salt  water,  hot  and  cold  tap  water,  many  organic  reagents 
and  molten  salts.  The  film  is  flexible,  adherent  and  non-reflective. 
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Minutes  of  the  Section  of  Geology  [8] 

Allen  Sinnott,  Chairman 
William  H.  Brown,  Vice-Chairman 
William  T.  Parrott,  Secretary 
Byron  N.  Cooper,  Section  Editor  (1953) 

FRIDAY,  MAY  11,  9:00  A.  M.  —  BIOLOGICAL  LABORATORY 

1.  The  Results  of  Recent  Investigations  of  Emery  Deposits  in  Vir¬ 
ginia.1 

A.  A.  Pegau,  Virginia  Geological  Survey ;  Gerald  M.  Friedman, 
University  of  Cincinnati.  (Presented  by  G.  M.  Friedman.) 

Emery  is  a  naturally  occurring  mixture  of  corundum  and  magnetite, 
and  may  also  include  spinel  and  ilmenite. 

The  emery  deposits  are  located  in  the  north-central  part  of  Pittsyl¬ 
vania  County  about  40  miles  south  of  Lynchburg  and  20  miles  north  of 
Danville. 

The  emery  occurs  in  irregularly  shaped  bodies,  the  largest  of  which 
are  about  6  to  8  feet  wide  and  130  feet  long.  They  have  a  steep  north¬ 
east  to  vertical  dip  and  an  average  strike  of  65  degrees  east  of  north. 

The  emery  bodies  are  considered  to  be  replacements  of  a  basic 
rock  (gabbro)  near  its  contact  with  the  schist.  The  volatile  constituents, 
chiefly  water,  from  the  consolidation  of  the  aplites  and  pegmatites 
related  to  the  Leatherwood  granite  which  intruded  the  gabbro,  reacted 
with  the  primary  minerals  of  the  latter.  Hornblende  as  well  as  iron, 
magnesium  and  aluminum  oxides  were  formed  as  a  result  of  this  re¬ 
action.  The  latter  were  carried  to  the  outer  border  of  the  basic  rock  by 
the  escaping  solutions  where  they  gave  rise  to  the  minerals  making  up 
the  emery.  Some  of  the  oxides  crystallized  along  the  route  of  the  solu¬ 
tions  to  form  accessory  spinel  and  magnetite.  Those  oxides  that  passed 
into  the  adjoining  schist  reacted  with  the  quartz  to  form  sillimanite, 
andalusite  and  corderite,  or  were  deposited  as  magnetite.  Slightly  later 
titanium  bearing  emanations  reacted  with  the  spinel  to  form  hoegbomite. 

2.  Application  of  Luminescence  Phenomena  in  Mineralogy  and 
Petrology. 

William  P.  Shulhof ;  University  of  Virginia. 

The  term  luminescence  refers  to  all  non-thermal  radiation  emitted 
from  a  body  in  which  electrons,  excited  by  an  addition  of  energy,  lose 
this  energy  and  return  to  stable  positions  of  its  lattice  framework. 

In  the  past,  fluorescence,  a  division  of  luminescence,  has  been  used 
in  studying  certain  economically  important  ores.  Now,  luminescence 
properties,  stimulated  by  ultra-violet  rays,  x-rays,  cathode  rays,  and 
others,  are  being  used  in  studying  mineral  constituents  of  rocks;  by 
correlation  determine  the  peculiar  position  of  certain  rock  types;  and 
many  other  similar  uses. 

Recent  work  in  mineralogy  on  the  mineral  hackmanite  indicates 
that  this  mineral’s  color  reversibility  is  due  to  the  arrangement  of  cer- 


1  Published  with  the  permission  of  the  State  Geologist  of  Virginia. 
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tain  impurities  lodged  within  the  lattice-like  framework  of  the  mineral 
when  the  specimen  is  exposed  to  energy  stimuli  such  as  ultra-violet 
rays,  X-rays,  cool  daylight,  and  heat  radiation.  These  impurities  are 
thought  to  be  responsible  also  for  hackmanite’s  fluorescence  properties. 
The  fluorescence  and  color  reversibility  seem  to  be  intricately  connected. 

Properties  possessed  by  hackmanite  indicate  that  this  mineral  is 
a  naturally  occurring  scotophor. 

3.  Ordovician  Bioherm  in  Roanoke  Valley.,  Virginia. 

F.  D.  Etheredge,  Frank  G.  Lesure,  and  Harry  W.  Page:  Vir¬ 
ginia  Polytechnic  Institute.  (Presented  by  Frank  G.  Lesure; 
Introduced  by  Byron  Cooper.) 

This  paper  reports  on  the  detailed  mapping  of  a  Middle  Ordovician 
bioherm  in  the  valley  of  the  North  Fork  of  Roanoke  River,  Montgomery 
County,  Virginia.  Plane  table  and  alidade  were  used  to  map  the  topog¬ 
raphy  and  geology  in  the  general  vicinity  of  the  bioherm.  Thin  sections  of 
the  various  related  reef  facies  have  been  studied,  and  extensive  study 
of  the  unusual  faunal  development  within  the  bioherm  are  underway. 

The  reef  is  a  highly  fossilifercus  lenticular  mass  consisting  of  two 
principal  lithotopes:  a  fine-grained  blue-gray  biochemical  limestone,  the 
other  a  coarsely  clastic  calcarenite.  The  bioherm  pinches  out  abruptly 
about  6  miles  north  of  Lusters  Gate,  has  a  lateral  extent  of  about  3,000 
feet,  and  attains  a  maximum  thickness  of  about  325  feet.  The  north  end 
of  the  reef  pinches  down  to  a  narrow  tongue  of  calcarenite  which  persists 
as  far  as  the  Roanoke-Montgomery  County  Line. 

Locally,  the  coarse  calcarenite  facies  extends  down  to  the  top  of 
the  Knox  dolomite  and  supplants  the  impure  cherty  limestones  of  the 
Lincolnshire  and  Whistle  Creek.  The  early  Edinburg  age  of  the  main 
part  of  the  bioherm  is  indicated  by  included  tongues  of  Botetourt  lime¬ 
stone.  Liberty  Hall  calcareous  black  shale  overlies  the  reef. 

4.  Age  Relations  of  the  Lincolnshire,  Whistle  Creek  and  Associated 

Limestones  in  Western  Virginia. 

Byron  N.  Cooper;  Virginia  Polytechnic  Institute. 

Recent  studies  indicate  that  the  most  nearly  complete  succession 
of  pre-Edinburg  formations  in  the  Appalachian  Valley  is  located  in  the 
belt  of  outcrop  along  the  northwest  base  of  Pearis  Mountain  in  Roanoke 
Valley,  Montgomery  County,  Virginia.  Five  formations  are  distinguish¬ 
able  comprising  six  characteristic  lithotopes.  Abrupt  facies  variations 
•are  clearly  evident.  The  sections  are  believed  to  clarify  the  age  relations 
of  the  Lincolnshire  and  older  Middle  Ordovician  limestones  by  demon¬ 
strating  the  true  stratigraphic  position  of  the  Whistle  Creek  limestone. 
The  sections  also  contribute  considerable  information  concerning  the 
possible  Chazy  age  of  the  Whistle  Creek  and  Lincolnshire  formations. 

5.  A  Preliminary  Study  of  the  Occurrence  of  Ground-Water  in  Crys¬ 
talline  Rocks  of  Albemarle  County.3 

Alfred  C.  Walker;  Virginia  Geological  Survey. 

Due  to  the  relatively  small  yields  of  water  obtained  from  the  crys¬ 
talline  rocks,  no  investigations  dealing  primarily  with  this  subject  have 
been  made  previously  in  Albemarle  or  surrounding  counties.  The  chief 
purpose  of  this  study  is  to  collect  such  information  as  may  be  available 
2  Published  with  the  permission  of  the  State  Geologist  of  Virginia 
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on  drilled  wells,  yields  and  quality  of  water  obtained  in  such  in  the 
prevailing  rock  types,  so  that  such  information  may  be  used  as  a  basis 
in  answering  questions  received  by  the  State  Geological  Survey  relating 
to  ground  water  possibilities  in  different  parts  of  the  County. 

Brief  discussions  are  given  of  the  various  rock  types  and  their 
ground-water  characteristics. 

More  detailed  work  is  now  in  progress. 

6.  Evidences  of  Crustal  Megashearing  in  Virginia. 

B.  Ashton  Keith;  Director^  The  Institute  of  Sciences ,  Washington, 

D.  C. 

Since  our  1936  discovery  of  series  of  long  zones  of  in-line  indications 
of  crustal  penetration,  now  authoritatively  recognized  as  megashears,3 
many  confirmative  data  have  come  from  geophysicists  and  from  the 
records  of  seismology.  The  present  aim  is  to  call  attention  to  the  records 
of  some  of  the  more  significant  movements  that  have  occurred  in  the 
long  row  of  crustal  blocks  (between  Megs.  20  and  21)  which  flanks  the 
eastern  side  of  the  Blue  Ridge  Mountains.  From  the  records  it  will  be 
seen  that  this  zone  is  the  third  most  active  area  east  of  the  Rocky 
Mountains. 

This  paper  includes  a  brief  statement  on  the  nature  of  crustal 
megashearing,  the  process  by  which  many  giant  crustal  blocks  already 
have  become  clearly  delineated.  It  states  also,  the  methods  employed  in 
tracing  and  mapping  these  mega-structures  from  the  evidences  of  Ge¬ 
ology.  Slides  show  the  general  locations  and  trends  of  several  of  these 
zones  in  the  Atlantic  States. 

7.  Major  Structural  Features  in  the  Lynchburg  Quadrangle,  Virginia.4 

William  R.  Brown;  University  of  Kentucky . 

Parts  of  three  large  structural  units  are  included  in  the  Lynchburg 
quadrangle.  These  are,  from  northwest  to  southeast,  (1)  the  Blue  Ridge- 
Catoctin  Mountain  anticlinorium,  (2)  the  James  River  synclinorium,  and 
(3)  the  Sherwill  anticline.  Areally,  these  may  be  considered  to  be  sepa¬ 
rated  one  from  another  by  the  Martic  surface,  or  “Martic  thrust”,  ex¬ 
posed  on  the  two  limbs  of  the  synclinorium.  Evidence  has  been  found 
which  suggests  that  this  surface  is  not  a  major  fault. 

Granodiorite  of  the  core  of  the  anticlinorium  crops  out  in  the  north¬ 
west  corner  of  the  quadrangle.  It  grades  southeastward  into  Lovingston 
quartz  monzonite  gneiss,  which  in  turn  grades  into  Reusens  migmatite, 
a  complex  of  Lovingston  and  dark  hornblendic  gneisses.  The  granodiorite 
and  Lovingston  gneiss  may  have  been  formed  during  one  period  of 
igneous  invasion  and  granitiaation,  the  granodiorite  representing  an  inner 
zone  and  the  Lovingston  an  outer  gneiss  phase.  The  dark  gneisses  appear 
to  be  intruded  by  the  Lovingston  and  may  represent  remants  of  older 
rocks  invaded  and  grantized.  Lynchburg  gneiss,  with  Rockfish  conglom¬ 
erate  at  its  base,  rests  unconformably  upon  Reusens  migmatite.  Three 
sizable  anticlines  have  been  delineated  in  the  belt  of  Lynchburg. 

Along  the  Martic  line  which  trends  northeastward  through  the 
middle  of  the  quadrangle,  Lynchburg  gneiss  and  greenstones  dip  be- 


3  See  Bull.  Geol.  Soc.  of  Amer.  (Abstracts  Sec.  E.)  for  1939.  Also  consult  index 
of  Dec.  issues  for  1938,  1940  and  1941. 

Also  Trans.  Kansas  Acad,  of  Sci.  Vol.  42,  pp  341-343.  (1939) 

Also  Proc.  Missouri  Acad,  of  Sci.  Columbia  Meeting-.  (1940) 

Also  The  Oil  Weekly,  Houston,  Texas,  p.  24.  (Dec.  21,  1942.) 

4  With  permission  of  the  State  Geologist 
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neath  Candler  phyllite  of  the  synclinorium.  Above  the  Candler  in  se¬ 
quence  are  Joshua  schist,  Arch  Marble,  Sixmile  schist,  Mt.  Athos  for¬ 
mation,  and  Slippery  Creek  greenstone  volcanics.  This  chronologic 
sequence  has  been  established  primarily  by  structural  relations.  Thrust 
faults  have  produced  an  imbricate  structure  in  the  synclinorium. 

On  the  southeast  side  of  the  synclinorium  the  Martic  surface  again 
emerges,  and  greenstones  and  Lynchburg  gneiss,  forming  the  northwest 
flank  of  the  Sherwill  anticline,  are  exposed.  If  these  greenstones  are 
extrusives,  they  are  older  than  the  Slippery  Creek  volcanics  and  may  be 
correlative  with  the  Catoctin. 

8.  Some  Injurious  Minerals  in  Highway  Aggregate. 

William  T.  Parrott;  Virginia  Department  of  Highways. 

Within  the  past  several  decades,  serious  failures  in  highway  pave¬ 
ments  and  structures  resulted  in  a  petrographic  study  of  the  mineral 
constituents  of  the  aggregate. 

It  has  been  determined  that  some  of  the  detrimental  minerals  in 
highway  aggregate  are  chert,  opal,  jasper,  gypsum,  anhydrite,  chlorite, 
pyrite,  mica  (in  large  amounts),  and  diabantite.  The  injurious  action 
of  these  minerals  is  revealed  in  scaling,  pop-outs  and  blow-ups  of  con¬ 
crete  aggregate,  stripping  or  lack  of  adhesion  when  used  with  bituminous 
mixes  and  breakup  of  the  road  surface  due  to  the  instability  of  the 
chlorite  under  bituminous  seals. 

9.  A  Contribution  to  the  Geochemistry  of  the  Lead  and  Zinc  Ores  in 
the  Timberville  Area,  Virginia. 

Jack  Green;  Columbia  University. 

The  lead  and  zinc  ores  of  the  upper  Beekmantown  formation  in  the 
Timberville  area,  Virginia,  occur  in  three  roughly  parallel  northeast 
trending  belts.  Quantitative  spectroscopic  data  on  the  minor  elements 
present  in  the  sphalerite  from  the  central  and  western  belts  offers  some 
evidence  as  to  the  temperature  conditions  prevailing  during  ore  pre¬ 
cipitation.  The  preference  for  the  ore  localization  in  the  dolomitic  lime- 
•stone  is  believed  to  rest  on  a  physical  basis.  The  clay  mineral  associated 
with  the  deposits  in  the  central  belt  is  identified  on  the  basis  of  differ¬ 
ential  thermal  analysis  curve  and  X-ray  powder  diffraction  data. 

Replacement  phenomena  are  shown  by  thin  secion  microphotographs. 
The  deposits  are  believed  to  have  originated  in  a  dolomitic  environment 
by  the  interaction  of  meteoric  water  and  hydrothermal  vaporous  emana¬ 
tions. 

10.  Lithologic  Variations  in  the  Limestones  West  of  Lexington,  Virginia. 

Allen  Horowitz ;  W  ashing  ton  and  Lee  University. 

Samples  were  collected  from  the  Botetourt  (Whitesburg) ,  Lincoln¬ 
shire  (Holston),  Whistle  Creek  (Lenoir),  and  New  Market  (Mosheim) 
limestones  for  comparison  with  geologic  sections  from  Buffalo  Creek, 
Collierstown,  Virginia  and  Whistle  Creek,  Virginia.  All  samples  within 
formation  boundaries  exhibited  the  same  general  characteristics  except 
those  within  the  Lincolnshire  (Holston).  The  Lincolnshire  (Holston) 
shows  considerable  local  variation  with  no  discernable  pattern.  Samples 
were  grouped  on  the  basis  of  their  megascopic  properties.  Two  areas  of 
the  Edinburg  formation  (Whitesburg  and  Athens)  unmapped  by  Charles 
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Butts  on  his  Valley  of  Virginia  map  were  delineated.  Dark  homogenous 
limestone  lenses  which  occur  along  Whistle  Creek  within  the  Botetourt 
(Whitesburg)  are  described. 

11.  Mineralogical  Studies  of  the  Sediments  of  the  Slate  River.  Bucking¬ 
ham  County,  Virginia. 

W.  R.  Gref  and  J.  A.  Parker;  Washington  and  Lee  University. 

(Presented  by  J.  A.  Parker.) 

The  purpose  of  this  study  was  to  determine  if  a  correlation  might  be 
established  between  the  sediments  'of  the  Slate  River  and  the  bedrock 
of  the  drainage  basin,  of  the  stream.  The  Slate  River  is  one  of  the  minor 
tributaries  of  the  James  River  in  the  western  Piedmont  of  Virginia;  it 
crosses  schists,  quartzites,  slates  and  gabbros.  In  the  stream  sediments 
were  found  ilmenite,  magnetic,  zircon,  leucoxcene,  hornblende,  epidote, 
muscovite,  biotite,  garnet,  tourmaline,  staurolite,  rutile,  chlorite,  pyrite, 
kyanite,  sillimanite  and  titanite.  A  correlation  between  the  Arvonia 
Slate  and  the  stream  samples  is  noted  when  biotite,  pyrite,  and  chloritic 
material  are  found  in  the  Arvonia  Slate  samples  and  nowhere  else.  Gar¬ 
net,  rutile,  kyanite,  and  sillimanite  are  found  wholly  within  the 
Wissahicken  Schist  giving  a  second  correlation. 

12.  Mineralogical  Studies  of  the  Sediments  of  the  Rivanna  River, 
Albemarle,  Fluvanna,  Greene,  and  Louisa  Counties  in  Virginia. 

A.  S.  Horowitz  and  T.  S.  Miller;  Washington  and  Lee  University. 

(Presented  by  A.  S.  Horowitz.) 

Twenty-five  compound  samples  were  obtained  from  the  sediments 
of  the  Rivanna  River  in  an  effort  to  make  a  correlation  between  the  sedi¬ 
ments  and  the  bedrock  traversed  by  this  stream.  The  Rivanna  River  is 
one  of  the  major  tributaries  of  the  James  River  in  the  western  Piedmont, 
crossing  mainly  granites  and  metamorphic  slates  and  quartzite,  schists, 
and  gneisses.  The  samples  were  divided  into  heavy  and  light  fractions 
by  the  standard  methods  of  separation,  and  the  following  minerals  were 
found:  ilmenite-magnetite,  leucoxene,  zircon,  epidote,  garnet,  pyroxene- 
amphibole,  muscovite,  biotite,  tourmaline,  chlorite,  rutile,  staurolite,. 
titanite,  and  kyanite.  Certain  trends  were  noted  and  offer  a  partial 
correlation  between  the  formations  and  their  sediments;  however,  a  posi¬ 
tive  correlation  between  the  parent  rock  and  the  stream  sediments  from 
the  Rivanna  River  is  rather  difficult  because  the  former  exhibited  too 
small  a  change  in  mineralogical  composition  to  be  of  significant  diag¬ 
nostic  value. 

13.  Petrography  of  Some  Valley  Dykes. 

H.  Cooke:  University  of  Virginia. 

In  the  Valley  of  Virginia  there  exist  several  types  of  igneous  dykes 
which  have  been  mapped  and  mineralogically  described  by  previous 
workers  in  this  field.  Although  the  dykes  are  covered  well  in  these  papers, 
little  or  nothing  has  been  said  of  the  petrogenesis  of  the  various  dyke 
rocks. 

The  dyke  rocks  are  named  by  previous  workers  and  in  some  cases 
there  was  a  need  for  renaming  the  rock. 

This  paper  describes  these  dyke  rock  types  mineralogically  and 
seeks  to  divide  them  into  two  main  types.  These  groups  are  the  rocks 
associated  with  and  related  to  a  Quartz  Gabbro,  and  those  associated 
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with  and  related  to  an  Olivine  Basalt.  Of  this  second  group  there  are 
three  types,  and  it  is  with  these  that  this  paper  is  concerned. 

Several  of  the  rock  types  studied  were  incorrectly  named  and  correct 
names  are  suggested  for  the  rocks  known  as  Felsophyre  or  Granite 
Felsophyre  and  Nepheline  Syenite.  The  random  listing  is  then  organized 
into  a  distinct  grouping  based  on  the  similarities  in  mineral  composition 
and  structural  relationship  with  some  conclusions  suggested  in  regard  to 
their  petrogenesis. 

14.  Some  Recent  Developments  in  Support  of  The  Virginia  Geological 

Survey. 

Marcellus  H.  Stow;  Washington  and  Lee  University. 

During  the  summer  of  1950,  the  writer  prepared  a  report  on  The 
Mineral  Industry  and  Mineral  Resources  of  Virginia  for  the  Mining 
Committee  of  the  Advisory  Council  on  the  Virginia  Economy.  The  pur¬ 
pose  of  the  report  was  to  review  the  mineral  industry  of  the  State  as  it 
exists  today  and  to  call  attention  to  the  various  specific  factors  that  are 
retarding  the  development  of  the  industry  so  that  it  is  unable  to  make 
maximum  contribution  to  the  economic  and  cultural  well-being  of  the 
citizens  of  the  State.  The  report  pointed  out  that  Virginia  has  enormous 
reserves  of  coal  and  construction  and  ceramic  materials,  and  important 
quantities  of  diatomite,  kyanite,  salt  and  gypsum,  lead  and  zinc,  and 
titanium  minerals.  The  major  drawback  in  the  development  of  our 
mineral  resources  is  inadequate  financial  support  for  the  Virginia  Geo¬ 
logical  Survey  by  the  General  Assembly.  Certain  critically  needed  pro¬ 
grams  and  studies  that  should  be  carried  on  or  supervised  by  the  Geo¬ 
logical  Survey  were  discussed  in  detail. 

The  report  recommended  that  the  Advisory  Council  make  a  strong 
appeal  to  the  Governor  for  increased  budgetary  allowances  to  the 
State  Geological  Survey,  sufficient  to  put  it  on  an  adequate  and  effective 
basis  as  a  source  of  information  needed  by  private  industry  seeking  to 
develop  underground  resources. 

The  press  of  the  State  received  the  report  with  commendation  as  is 
illustrated  by  the  following  editorial  quotations: 

From  the  Portsmouth  Star :  “One  of  the  most  interesting  official 
documents  released  in  recent  months  by  any  agency  of  the  Common¬ 
wealth  of  Virginia  is  the  report  of  the  Committee  on  Mining  of  the  Ad¬ 
visory  Council  on  the  Virginia  Economy.” 

From  the  Richmond  Times -Dispatch:  “The  Mining  Committee  makes 
out  what  appears — to  the  layman,  at  least — to  be  a  good  case  for  ex¬ 
pansion  of  the  work  of  the  Virginia  Geological  Survey.” 

15.  The  Composition  of  the  Euhedral  Feldspar  Crystals  from  the 

Catoctin  Greenstone. 

James  L.  Eades;  University  of  Virginia. 

An  extensive  study  of  the  euhedral  feldspar  crysals  found  in  many 
places  in  the  Catoctin  greenstone  has  been  started  by  the  Geology  De¬ 
partment  at  the  University  of  Virginia.  Optical  and  X-ray  methods  gave 
different  compositions  for  the  same  crystals.  In  view  of  work  done  by 
Alexander  Kohler,  O.  F.  Tuttle,  and  N.  L.  Bowen  on  high  and  low 
temperatures  albites,  it  is  believed  the  crystals  are  of  high  temperature 
origin. 
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16.  A  Study  of  the  Industrial  Coals  of  Logan  County,  West  Virginia. 

Robert  S.  Young;  University  of  Virginia. 

Coals  of  Kanawha  (Upper  Pottsville)  and  Allegheny  age  from  Logan 
County,  West  Virginia  were  studied  by  X-ray  methods.  Through  this 
study  and  the  application  of  results  obtained  by  earlier  workers,  certain 
crystalline  impurities  were  identified  and  certain  conclusions  on  the 
structure  of  coal  were  drawn.  Kaolinite,  quartz,  calcite,  pyrite,  and  dolo¬ 
mite  are  the  dominant  mineral  impurities  present  in  these  coals.  From 
the  diffuse  nature  and  position  of  the  coal  pattern  halo,  it  appears  that 
coal  is  made  up  of  carbon  of  graphitic  nature  and  very  small  particle 
size.  General  scattering  appears  to  be  due  to  hydrocarbons.  The  difference 
in  the  position  of  the  halo  in  anthracite  and  bituminous  patterns  sug¬ 
gests  that  the  particles  in  anthracite  are  larger  than  those  of  bituminous. 
A  coordinated  chemical  and  X-ray  study,  using  evacuated  cameras,  is 
suggested  for  further  research  on  the  structure  of  coal. 


17.  Preliminary  Re-Study  of  the  Goose  Creek  Diabase. 

D.  S.  Robertson;  University  of  Virginia. 

The  Goose  Creek  Diabase  is  restudied  in  an  attempt  to  trace  miner- 
alogic  and  chemical  changes  which  took  place  during  crystallization. 
Three  rock  phases  are  noted,  a  normal  diabase,  a  pegmatoid  diabase,  and 
an  albitic  aplite.  An  augitic  pyroxene  crystallizes  in  the  normal  diabase, 
augite  and  pigeonite  in  the  pegmatoid  diabase.  It  is  suggested  that  the 
albitic  aplite  is  not  a  normal  product  of  crystallization. 


18.  Some  Features  of  Alaskan  Geology  -  A  Travelogue  Made  from 
Kodachrome  Slides. 

D.  J.  Cederstrom;  United  States  Geological  Survey.  (Presented 
by  title.) 


19.  The  Background  of  Uniformitarian  Geology. 

Joseph  K.  Roberts;  University  of  Virginia. 

The  fundamental  concepts  of  uniforitarian  geoglogy  were  expressed 
towards  the  close  of  the  eighteenth  century  in  the  writings  of  James 
Hutton  (1726-1797),  were  elaborated  upon  by  John  Playfair  (1748- 
1819),  and  given  widespread  publicity  by  Sir  Charles  Lyell  (1797-1875). 
Immediately  following  Hutton’s  work,  “The  Theory  of  the  Earth”  pub¬ 
lished  in  1788,  he  and  his  school  of  thought  became  known  as  Vulcanists 
or  Plutonists  in  opposition  to  the  Neptunists  or  the  older  school.  The  two 
outstanding  teachers  and  scholars  of  the  Neptunists  of  Hutton’s  time 
were  Werner  (1749-1817)  and  Cuvier  (1773-1838,)  who  lived  to  see 
their  doctrine  on  the  decline. 

More  investigation  afield,  and  more  rational  interpretation  of  cause 
and  effect,  as  illustrated  in  nature,  accelerated  Uniformitarianism,  but 
relegated  the  older  doctrine  to  the  status  of  historical  significance. 
Though  both  mythological  names  are  no  longer  extant,  Uniformitarianism 
has  come  down  through  the  years,  open  to  amendments  and  improved 
interpretation  in  the  light  of  ever  expanding  testimony  in  the  rock 
record. 
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20.  A  Precambrian  Fault  Breccia  in  the  Catoctin  Formation  in  Virginia. 

Wilbur  A.  Nelson  and  Robert  S.  Young;  University  of  Virginia. 

(Presented  by  Wilbur  A.  Nelson.) 

A  three  to  five  foot  cemented  fault  breccia  in  the  Catoein  formation, 
exposed  along  the  Blue  Ridge  Parkway  in  Augusta  County  is  described 
in  detail.  Breccia  fragments  are  cemented  by  jasper. 

21.  Present  Status  of  Topographic  Mapping  in  Virginia.6 

William  M.  McGill ;  Virginia  Geological  Survey. 

A  brief  discussion  of  the  present  status  of  topographic  mapping  in 
Virginia,  accompanied  by  maps  and  charts,  illustrating  the  areas  and 
proportionate  percentages,  of  the  State  covered  by  quadrangle  maps  of 
different  scales  and  of  different  standards  or  grades  of  usefulness.  The 
objective  of  the  cooperative  mapping  program  now  in  effect  as  a  continu¬ 
ing  project  between  the  Federal  and  State  Geological  Surveys,  is  to  com¬ 
plete  the  mapping  of  the  entire  State,  on  modern  quadrangle  maps  of 
“high-accuracy”  standards,  on  a  scale  of  1  inch  equals  1  mile,  with 
larger  scale  maps  (1  inch  equals  24,00  feet)  for  the  larger  municipal  and 
industrial  areas.  The  progress  and  success  of  the  program  depends  upon 
(1)  the  active  interest  and  support  of  all  agencies,  organizations  and 
groups,  using  topographic  maps,  in  the  development  of  an  expanded 
and  coordinated  overall  State  mapping  program,  and  (2)  increased 
appropriations  to  the  State  Geological  Survey,  on  a  continuing  basis. 

At  the  present  time  64%  of  the  State  is  covered  by  the  earlier,  and 
now  obsolete, ,  30-minute  quadrangle  maps  (29),  on  a  scale  of  1  inch 
equals  2  miles,  and  with  a  contour  interval  of  20  feet.  Approximately 
73%  of  the  State  is  covered  by  15-minute  quadrangles  (150)  on  a  scale 
of  1  inch  equals  1  mile,  and  with  contour  intervals  of  20,  40,  and  50  feet. 

Of  the  15-minute  maps,  40  quadrangles  (about  20%  of  the  total  area 
of  the  State)  are  modern  maps  (since  1938)  on  which  culture  is  reason¬ 
ably  up-to-date;  20  quadrangles  (about  10%  of  the  total  area  of  the 
State)  are  of  relatively  modern  surveys  (1930-1938),  but  cultural  re¬ 
vision  is  necessary  to  bring  them  up  to  date;  77  quadrangles  (38+%  of 
the  total  area  of  the  State)  are  maps  of  older  surveys  (1912-1930),  and 
either  extensive  cultural  revision  or  probably  resurvey  will  be  required; 
13  quadrangles  (6+%  of  the  total  area  of  the  State)  are  maps  of  surveys 
made  prior  to  1912,  and  will  require  complete  resurvey.  Seven  quad¬ 
rangles  (3%%  of  the  total  area  of  the  State)  are  not  covered  by  any 
topographic  maps. 

Business  Meeting 

Following  the  discussion  of  the  last  paper,  announcements  were 
made  concerning  the  field  trip  and  a  brief  business  session  was  held.  The 
two  principal  items  of  interest  were  first  the  nominations  for  new  of¬ 
ficers  and  an  itinerary  for  the  fall  field  trip.  The  nominating  committee 
consisting  of  Charles  Bass,  A.  A.  Pegau,  and  W.  B.  Cormack,  presented 
the  following  slate  of  officers:  Chairman — William  H.  Brown;  Vice- 
Chairman — Ra3^mond  S.  Edmundson;  Secretary — W.  T.  Parrott.  There 
were  no  further  nominations  from  the  floor  and  the  above  mentioned 
candidates  were  unanimously  elected.  A  further  discussion  took  place 
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regarding  the  place,  time,  and  leader  for  the  fall  field  trip.  Professor 
W.  A.  Nelson  of  the  University  of  Virginia  offered  to  lead  the  group 
over  sections  of  the  Skyline  Drive  and  along  the  eastern  and  western 
flanks  of  the  Blue  Ridge  between  Rts.  33  and  250  to  observe  the  geological 
structure  and  stratigraphy  of  this  section.  The  date  of  the  trip  was  not 
set  at  the  meeting,  but  will  probably  be  in  November.  The  Secretary 
was  instructed  to  send  out  notices  to  the  members  regarding  the  date  of 
the  field  trip.  There  being  no  further  business,  the  meeting  was  adjourned 
at  4:15  P.M. 

Field  Trip — May  12,  1951 — 8:15  A.M. 

On  Saturday  morning,  May  12,  35  members  and  guests  of  the 
Geological  Section  assembled  at  the  north  end  of  the  highway  bridge  on 
Rt.  29  north  of  Lynchburg  for  a  field  trip  under  the  leadership  of  Dr. 
W.  B.  Brown  of  the  University  of  Kentucky  assisted  by  Harvey  Sunder- 
man  and  William  T.  Harnsberger  of  the  Virginia  Geological  Survey.  A 
calvacade  of  some  15  cars  was  escorted  by  a  city  policeman  from  Lynch¬ 
burg.  This  greatly  facilitated  the  movement  of  the  automobiles  on  the 
trip.  The  total  length  of  the  trip  was  some  42  miles  and  included  16 
stops.  At  these  stops  time  was  given  to  inspect  and  collect  samples  from 
the  exposures  in  the  various  formations  of  the  Lynchburg  Quadrangle. 
At  these  stops  the  stratigraphy  and  structure  of  the  geology  was  dis¬ 
cussed,  and  numerous  friendly  arguments  took  place.  The  group  disband¬ 
ed  at  Oxford  Wayside  on  Rt.  460  at  4:10  P.  M. 
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Minutes  of  the  Section  of  Medical  Sciences  [9] 

Erling  S.  Hegre,  Chairman 
Dan  T.  Watts,  Secretary 
William  Bickers,  Section  Editor  (1953) 

FRIDAY,  MAY  11,  1951  —  ROOM  22,  MAIN  BUILDING 

1.  The  Effect  of  Pentobarbital,  Morphine  and  Ether  on  the  Blood 
Glucose  of  Rabbits. 

D.  T.  Watts;  Department  of  Pharmacology,  University  of  Virginia. 

The  effect  of  morphine  and  pentobarbital  on  the  hyperglycemia 
which  occurs  during  surgical  anesthesia  in  rabbits  has  been  investigated. 
Results  were  as  follows:  Fifteen  minutes  surgical  anesthesia  increased 
blood  glucose  48.7  mgm.  per  cent.  Ten  mgm./kgm.  morphine  sulfate  gave 
an  increase  of  24.4  mgm.  per  cent;  fifteen  minutes  anesthesia  after  this 
dose  of  morphine  raised  the  blood  sugar  65.1  mgm.  per  cent  over  the 
pre-morphine  level.  Doses  of  5,  10,  15  and  30  mgm./kgm.  of  pentobarbital 
had  no  effect  on  blood  glucose.  Fifteen  minutes  surgical  anesthesia  after 
these  doses  of  pentobarbital  increased  the  blood  glucose  only  15.7,  13.1, 
6.3  and  2.3  mgm.  per  cent  respectively.  These  results  show  that  the 
morphine  and  ether  are  synergistic  in  their  effect  on  hyperglycemia 
whereas  pentobarbital  inhibits  ether  hyperglycemia.  Most  evidence  indi¬ 
cates  that  ether  hyperglycemia  is  du^  to  the  release  of  epinephrine 
through  stimulation  of  the  sympathico-adrenal  system.  Since  this  release 
of  epinephrine  depletes  liver  glycogen  and  tends  to  induce  cardiac 
arrythmias  during  surgical  anesthesia  it  would  appear  that  barbiturates 
are  safer  preanesthetic  agents  than  morphine. 

2.  Gross  Composition  of  the  Fat-Free  Mammalian  Body. 

Grover  C.  Pitts;  Physiological  Laboratory ,  University  of  Virginia. 

Several  lines  of  indirect  evidence  indicate  a  constancy  in  gross 
composition  of  the  fat-free  body.  The  present  work  is  a  test  of  this  con¬ 
stancy  in  the  normal  mammal.  The  mass  of  the  fat-free  body  is  esti¬ 
mated  by  two  independent  methods:  (1)  determination  of  body  specific 
gravity  by  underwater  weighing  and  (2)  determination  of  total  body 
water  by  the  method  of  anti-pyrine  dilution.  The  fat-free  body  mass  is 
related  to  the  mass  of  the  following  components:  bone,  skin,  muscle  and 
blood.  Bone,  skin,  and  muscle  are  determined  by  direct  gravimetric 
methods  on  guinea  pigs,  and  blood  is  determined  on  man  by  dilution 
of  the  dye  T-1824.  Results  to  date  appear  to  support  the  predicted  con¬ 
stancy.  The  blood  component  seems  to  be  more  satisfactorily  expressed 
as  a  function  of  the  fat-free  body  mass  than  as  a  function  of  total  body 
weight  or  of  body  surface  area. 

3.  The  Effect  of  Cortisone  on  Wound  Healing. 

John  Paul  Carter,  Edwin  P.  Lehman,  J.F.A.  McManus,  E.  Mere¬ 
dith  Alrich,  and  James  R.  Cash;  Department  of  Surgery  and 
Gynecology  and  Department  of  Pathology ,  University  of  Vir¬ 
ginia  Medical  School. 

Clinical  observation  first  indicated  that  cortisone  might  produce  re¬ 
tardation  of  wound  healing.  The  work  of  Ragen  et  al  showed  depression 
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of  mesenchymal  elements  in  healing  wounds.  In  order  to  measure  the 
amount  of  depression,  tensile  strength  determinations  were  made  upon 
rats  treated  with  adrenalectomy.  ACTH,  and  cortisone.  Those  treated 
with  cortisone  showed  marked  depression  of  the  tensile  strength  curve. 
Histological  and  histochemical  studies  of  these  wounds  revealed  lack 
of  maturation  of  fibroblasts,  and  haphazard  proliferation  of  capillaries. 
Present  studies  are  being  undertaken  to  determine  the  specific  site  of 
action  of  cortisone. 

4.  Intimal  Aortic  Lipoid  Following  Cortisone  and  ACTH  Therapy  in 
Younger  Age  Groups. 

Eugenia  M.  Etheridge  and  Cornelia  Hoch-Ligeti;  Department  of 
Pathology ,  University  of  Virginia  Medical  School. 

The  observation  of  a  very  large  amount  of  fat  in  the  intima  of  the 
aorta  of  a  child  dying  of  leukemia,  who  had  been  treated  with  cortisone, 
has  led  to  the  study  of  the  aorta  in  other  young  individuals  treated  with 
both  cortisone,  and  ACTH.  Random  sections  of  aortas  taken  from  jars 
of  formalin-fixed  autopsy  material  of  thirty-three  individuals  from  one 
to  twenty  years  of  age  who  had  been  treated  with  either  cortisone  or 
ACTH  were  compared  wTith  sections  of  aorta  from  suitable  control  groups 
of  similar  age.  No  significant  differences  were  found  in  preparations 
stained  with  Weigert’s  elastica  stain,  or  periodic  acid-Schiff’s  reagent. 
Hematoxylin  and  eosin  and  Sudan  IV  stains,  however,  show  a  marked 
increase  of  lipoid  in  the  intima  and,  in  several  instances,  the  media,  in 
the  age  group  one-eleven  years  treated  with  cortisone  and  ACTH. 
Schultz  stains,  in  general,  coincided  with  the  Sudan  IV.  After  eleven 
years  of  age  the  amount  of  fat  in  the  intima  of  control  cases  approxi¬ 
mated  that  of  treated  cases  so  closely  that  no  significant  difference  in 
the  two  groups  was  seen.  No  definite  correlation  between  the  degree  of 
change  and  the  amount  of  hormone  received  could  be  establishd,  but 
there  does  seem  to  be  some  relation  to  the  duration  of  treatment.  There 
is  no  definite  difference  between  the  effects  of  cortisone  and  ACTH. 

5.  Preliminary  Observations  on  the  Influence  of  Hormones  on  the  Basal 
Body  Temperature  of  Normal  Young  Adult  Human  Males. 

Douglas  E.  Bragdon;  Department  of  Anatomy ,  University  of 
Virginia  Medical  School. 

This  study,  which  was  prompted  by  the  need  for  a  better  under¬ 
standing  of  the  mechanism  of  the  mid-cycle  rise  in  basal  body  tempera¬ 
ture  which  occurs  in  the  ovulatory  menstrual  cycle  of  women,  was 
designed  to  provide  information  on  two  points:  (1)  the  time  interval 
between  the  injection  of  a  single  standard  dose  of  progesterone  and  the 
onset  of  the  ensuing  thermal  elevation,  and  (2)  whether  or  not  hor¬ 
mones  with  luteotrophic  properties  might  have  a  thermogenic  action. 
Eleven  first  year  medical  students  from  twenty-two  to  twenty-eight 
years  of  age  were  used  as  subjects.  Our  study  has  shown  that  the  height 
of  the  response  to  a  single  standard  dose  of  injected  progesterone  in 
oil  varies  from  individual  to  individual  as  does  the  time  interval  between 
injection  and  onset  of  response.  This  interval  has  been  found  to  be  as 
short  as  twelve  hours.  Progesterone  may  not  be  the  only  hormone 
involved  in  producing  this  thermal  rise.  “A.P.L.,”  a  human  chorionic 
gonadotrophin  caused  a  significant  temperature  rise  in  two  out  of  three 
subjects.  The  one  who  did  not  respond  had  also  been  a  hyporeactor  to 
progesterone.  Sheep  pituitary  luteotrophin  has  produced  a  rise  in  the  one 
subject  in  which  it  has  been  tried.  These  findings,  when  extended,  may 
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provide  a  basis  for  explaining  the  discrepancies  which  have  been  reported 
between  ovulation  time  and  the  time  of  the  basal  temperature  rise. 


6.  A  Study  of  the  Phosphate  Turnover  in  the  Human  Erythrocyte. 

D.  R.  H.  Gourley;  Department  of  Pharmacology ,  University  of 
Virginia  Medical  School. 

Using  P32-labeled  phosphate  to  study  the  rate  at  which  phosphate 
turns  over  in  several  acid-soluble  organic  phosphorus  compounds  of 
human  erythrocytes  in  vitro,  it  has  been  found  that  the  specific  activity 
of  the  P  in  the  fractions  separated  increases  at  different  rates.  The 
greatest  phosphate  turnover  occurs  in  the  labile  P  of  adenosine  triphos¬ 
phate.  The  specific  activity  of  the  P  of  2,  3-diphosphoglyceric  acid  also 
increases  rapidly  during  the  three-hour  incubation  period  at  37°C.  The 
incorporation  of  P32  into  glucose- 1 -phosphate,  the  stable  P  of  ATP  and 
adenylic  acid  is  less  dramatic  but  easily  demonstrated.  Very  little  phos¬ 
phate  turnover  during  the  experimental  period  is  observed  in  glucose- 
6-phosphate,  glycerophosphoric  acid,  propanediol  phosphate  or  the 
coenzyme  fraction.  When .  sufficient  sodium  idoacetate  is  added  to  com¬ 
pletely  inhibit  glycolysis,  the  formation  of  and  the  entry  of  P32  into 
diphosphoglyceric  acid  is  blocked,  the  glycolytic  regeneration  of  ATP 
ceases,  and  adenosine  diphosphate  appears  in  the  cells.  These  observations 
are  in  accordance  with  the  hypothesis  that  inorganic  phosphate  enters 
the  cell  by  the  formation  on  the  membrane  of  an  organic  phosphorus 
compound  such  as  ATP. 


7.  Sulphydryl  Group  Changes  during  Urease  Action. 

Henry  E.  Evert;  Dept,  of  Pharmacology,  University  of  Virginia 
Medical  School. 

The  change  in  sulphydryl  groups  during  the  course  of  urease  action 
has  been  followed  by  making  concurrent  determinations  of  SH  groups 
and  urease  activity.  The  urease  activity  was  determined  by  the  direct 
Nesslerization  method  using  a  standard  ammonium  sulfate  calibration 
curve.  The  method  of  Flesch  and  Kun  (Proc.  Soc.  Expt.  Biol.  Med. 
74:249:1950)  was  used  to  determine  the  change  in  SH  during  urease 
action.  The  red  SH  reagent,  1- (4-chloromercuriphenylazo) -naphthol-2 
was  synthesized  from  p-aminophenyl  mercuric  acetate  (Eastman  Kodak 
Co.,  Rochester,  N.  Y.)  by  diazotization  and  coupling  of  the  diazonium 
salt  with  2-naphthol  in  alkaline  solution.  The  red  SH  reagent  was 
standardized  against  glutathione.  In  control  experiments,  no  apparent 
SH  change  was  noted  with  urea,  ammonium  ion,  phosphate  buffer, 
sucrose,  glycine,  B.A.L.  and  thioglycolic  acid.  Reduced  glutathione  and 
cysteine  SH  responded.  The  total  urea  concentration  was  varied  from 
0-170/ug.  in  the  reaction  mixture.  Total  volume  10  ml.,  potassium  phos¬ 
phate  buffer,  0.2  M,  pH  7.18,  temperature  40°C.  For  each  given  urea 
concentration,  there  occured  an  initial  disappearance  of  SH  followed  by 
a  steady  state  SH  value.  This  initial  SH  group  disappearance  and  steady 
state  SH  paralleled  the  urease  activity.  In  a  series  of  experiments  with 
increased  urea  substrate  concentrations,  the  steady  state  SH  became 
progressively  higher  to  a  maximum  value.  Further  increase  in  initial 
urea  concentration  resulted  in  a  decrease  of  the  steady  state  SH  to  a 
minimum  value.  The  following  mechanism  was  postulated:  RSH  +  urea 
activated  complex”  -»  RSH  +  products. 
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8.  Preliminary  Studies  on  the  Effect  of  Hormones  on  the  Electrolyte 
Pump  in  Frog  Skin. 

Ernst  G.  Huf  and  Irving  Fritz;  Department  of  Physiology, 
Medical  College  of  Virginia. 

It  has  been  found  that  active  uptake  of  NaCl  by  the  epithelium  of 
surviving  frog  skin  depends  strongly  upon  a  sufficient  amount  of  K+  ions 
in  the  salt  solutions  which  are  in  contact  with  the  skin.  Omission  of  k+ 
from  the  solutions  reduces  active  salt  uptake.  Rb+  can  almost  completely, 
Cs+  can  partially,  substitute  for  K+,  whereas  NH4+  cannot  do  so;  it  inhibits 
active  salt  uptake.  The  close  relationship  between  Na+  and  K+  metabolism 
and  Na+  and  K+  movement  in  frog  skin  has  raised  the  question,  whether 
hormones  act  as  regulators  in  frog  skin  in  a  way  similar  to  the  control 
of  ion  movements  in  the  kidney.  Twelve-hour  “inside-out”  skin  bag 
experiments  were  run  as  described  in  an  earlier  abstract  (Va.  Acad  Sc. 
Proc.  1949-1950,  389).  Thyroxin  or  Eschatin  (suprarenal  cortex  extract), 
when  added  to  the  salt  solutions  (the  preservative  was  added  in  the 
controls)  in  relatively  large  doses  as  compared  to  therapeutical  doses, 
showed  no  striking  effects  upon  net  chloride  and  water  uptake.  Pitressin 
(2  PU/5  ml.),  when  added  to  the  salt  solution  of  an  “outside-out”  bag, 
resulted  in  an  increased  uptake  of  salt  and  water  by  the  skin.  It  is  sug¬ 
gested  that  pitressin  may  have  increased  the  permeability  of  the  skin 
for  water  and  that,  because  of  an  increased  uptake  of  water  by  the  bag, 
more  salt  is  being  pumped  in  also.  The  negative  results  with  Eschatin 
are  not  conclusive  as  to  the  effect  of  hormones  of  the  adrenal  cortex 
on  ion  movement  in  the  skin.  Work  with  ACTH,  DOCA,  and  cortone  is 
in  progress. 


9.  Observations  on  the  Nicotinolytic  Activity  of  Some  Aralkyl  Amines. 

P.  S.  Larson,  C.  B.  Van  Slyke^  J.  K.  Finnegan^  and  H.  B.  Haag; 

Department  of  Pharmacology ,  Medical  College  of  Virginia. 

Twelve  compounds  of  the  general  formula  (R1,  R2,  R3) 

C-R4-CH2-CH  (R5)  N  (R°,  R7)  have  been  tested  for  nicotinolytic 
activity  as  judged  by  their  ability  to  antagonize  the  pressor  effect  of 
nicotine  on  dogs.  In  order  of  decreasing  potency,  these  compounds  were 
as  follows:  6-dimethylamino-4,4-diphenyl-3-heptanone  [methadone]; 
N,N,l-trimethyl-3,3-diphenyl-4-hexenylamine;  2-  (benzhydryloxy)  tri- 
ethylamine;  N-methyl-N- (3,3-diphenyl-sec-butyl)  butylamine;  N-ethyl- 
l-methyl-3,3-diphenylpropylamine;  N,N-dimethyl-3,3-diphenyl-sec-bu- 
tylamine,  2-  (benzhydrylmercapto)  -N,N-dimethylethylamine,  a-  (benzhy- 
drylmethyl)  -N,N-dimethylbenzylamine,  and  2-  [p-chloro-a-  (2-dimethy- 
laminoethyl) benzyl]  pyridine;  6-dimethylamino-4-phenyl-4-  (3-pyridyl) 
-3-hexanone;  N,N-dimethyl-3,3-diphenylpropylamine;  2-  (benzhyryloxy) 
-N,N-dimethylamine  [diphenhydramine].  The  I.  V.  dose  required  to 
effect  a  fifty  percent  reduction  in  the  pressor  response  to  0.02-0.03 
mg.  /kg.  nicotine  given  I.  V.  ranged  from  0.5  mg.  /kg.  for  methadone  to 
greater  than  40  mg.  /kg.  for  diphenhydramine.  The  pressor  response  to 
epinephrine  was  potentiated  by  some  compounds  and  somewhat  reduced 
by  others. 

This  study  was  made  under  a  research  grant  from  the  American 
Tobacco  Company.  The  compounds,  excepting  methadone,  were  kindly 
supplied  by  Parke,  Davis  and  Company. 
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10.  Mounting  Brain  Specimens  in  Plastic. 

Louise  L.  Jones;  Department  of  Anatomy,  Medical  College  of 
Virginia. 

This  paper  describes  briefly  the  technique  of  fixing,  slicing,  staining 
and  embedding  brain  specimens  in  clear  plastic,  for  teaching  and  museum 
purposes. 

The  formalin-fixed  brain  is  cut  in  slices  of  one-half  centimeter  and 
stored  in  10%  formalin.  Each  slice  is  processed  through  Mulligan’s 
solution  so  that  the  white  matter  will  take  up  little,  if  any,  stain.  Nigro- 
sine  in  a  0.5%  aqueous  solution  is  used  for  staining  the  gray  matter. 
Store  in  10%  formalin. 

To  prepare  for  embedding,  air  dry  slice  of  brain  until  slightly  dis¬ 
colored;  place  in  70%  alcohol  for  several  hours.  After  a  second  complete 
air  drying,  infiltrate  in  uncatalyzed  liquid  plastic  in  a  covered  container 
for  four  days. 

A  permanent  container  is  prepared  from  sheet  plastic  which  is  cut 
and  assembled  with  plastic  cement  to  form  a  box  of  desired  size,  V2" 
thick  and  open  on  one  %"  side. 

Embed  specimen  in  this  box  in  suitable  volume  of  plastic,  to  which 
0.2%  by  volume  of  catalyst  has  been  added,  wedging  it  in  with  plastic 
blocks  to  prevent  the  specimen’s  floating.  Trim  block  and  polish. 

11.  The  Trophoblast  of  a  Young  Human  Embryo. 

James  E.  Kindred;  University  of  Virginia. 

Data  on  the  histology  of  a  young  human  embryo  are  noe  extensive. 
The  present  report  is  a  description  of  the  trophoblast  of  a  young  human 
embryo  and  surrounding  endometrium.  The  material  consists  of  the  well- 
preserved  trophoblast  and  adjacent  uterine  mucosa  from  uterine 
curettage  of  a  woman  with  the  following  history:  onset  of  last  menstru¬ 
ation,  February  10;  coitus,  February  22;  hospitalization,  February  26; 
curettage,  February  28.  The  specimen  was  obtained  through  the  courtesy 
of  Dr.  Arnold  F.  Strauss,  pathologist,  DePaul  Hospital,  Norfolk,  Virginia, 
with  a  diagnosis  of  a  young  human  chorion  without  embryo  which 
according  to  the  history  should  be  six  days  old.  The  trophoblast  sur¬ 
rounding  the  small  chorionic  cavity  lies  just  under  a  thin  layer  of  lining 
uterine  epithelium.  It  is  more  deeply  embedded  in  the  uterine  mucosa 
than  is  the  trophoblast  of  the  Hertig-Rock  embryo  of  seven  days,  which 
is  the  youngest  embryo  yet  described.  The  extent  and  disposition  of  the 
trophoblast  resembles  more  closely  that  of  the  Hertig-Rock  eleven-day 
embryo  than  it  does  that  of  the  seven-day  embryo.  There  is  practically 
no  necrosis.  The  cytotrophoblast  cells  are  well  preserved,  and  there  is 
evidence  of  the  origin  of  the  mesoblast  cells  from  the  inner  surface  of 
this  layer.  Synctiotrophoblastic  cells  are  just  beginning  to  differentiate. 
Intratrophoblastic  lacunae  are  beginning  to  form,  and  some  of  the 
peripheral  lacunae  are  in  continuity  with  eroded  blood  sinusoids.  There 
is  no  edema,  and  the  uterine  stroma  around  the  trophoblast  shows  the 
characteristics  of  the  latter  third  of  the  menstrual  cycle. 

12.  Embryonic  Lens  Induction  in  the  Chick. 

Morris  S.  McKeehan;  School  of  Anatomy,  University  of  Virginia. 

The  eye  vesicle  and  lens  ectoderm  of  chick  embryos  of  ten  to  twenty- 
one  somites  adhere  so  strongly  that  they  cannot  be  separated  intact  by 
dissection  in  the  living.  The  lens  reaction  occurs  within  this  contact 
area. 
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Between  twelve  and  nineteen  somites  the  normal  lens  reaction  in 
the  center  of  the  adherent  ectoderm  is  characterized  by  a  loss  of  vacuoli¬ 
zation  in  the  cytoplasm,  palisading  of  cells,  marked  reorientation  of 
nuclei,  and  a  twofold  increase  in  cell  number,  the  latter  being  effected 
apparently  by  a  concentric  contraction  in  the  lens  placode  rather  than  by 
proliferation.  During  this  period  the  cell  volume  remains  approximately 
constant.  The  mechanism  of  invagination  of  the  lens  placode  appears  to 
be  a  local  contraction  in  the  terminal  bar  net  at  the  outer  ends  of  its 
columnar  cells. 

The  changes  characteristic  of  early  lens  induction  in  the  normal  site 
occurred  in  competent  presumptive  epidermis  brought  into  intimate  con¬ 
tact  with  the  retina.  The  lens  reaction  did  not  occur  in  the  portion  of 
the  lens  placode  whose  contact  with  the  retina  was  blocked  with  thin 
cellophane.  Thus  there  are  clear  indications  that  lens  induction  both 
within  and  outside  the  normal  site  is  mediated  only  by  physical  contact 
between  retina  and  reacting  ectoderm. 

13.  Motion  Pictures  of  Tissue  Reactions  in  Tadpoles  to  Implants  of 

Inert  and  Active  Foreign  Substances. 

Carl  C.  Speidel ;  University  of  Virginia . 

Typical  cell  reactions  to  implants  of  inert  and  active  foreign  sub¬ 
stances  have  been  recorded  by  cine-photomicrography.  A  case  history 
of  an  implant  of  human  hair  illustrates  the  characteristic  tissue  responses 
to  an  inert  substance.  The  chmf  histological  changes  are  presented  over 
a  period  of  from  one  to  forty-five  days  after  operation.  Histories  of 
implants  of  coarse  magnesium  powder  reveal  the  characteristic  tissue 
responses  to  a  chemically  active  substance.  Magnesium  induces  pro¬ 
gressive  tissue  irritation  as  it  reacts  with  water  and  becomes  trans¬ 
formed  into  magnesium  hydroxide  and  hydrogen.  Selected  cases  show 
the  microscopic  changes  over  periods  of  from  ten  minutes  to  four  months. 
These  include  the  formation  and  elimination  of  gas  bubbles,  the  mobili¬ 
zation  of  leukocytes,  the  process  of  encapsulation,  and  the  production 
of  large  vesicles.  Alternating  increase  and  decrease  in  the  size  of  the 
vesicles  may  take  place  from  time  to  time.  Magnesium  fragments  from 
airplanes,  bombs,  and  flares  are  frequently  involved  in  the  wounds 
incurred  by  soldiers  in  modern  warfare.  Such  wounds  fail  to  heal 
properly.  These  motion  pictures,  therefore,  are  of  some  surgical  interest. 

14.  Relationship  between  Blood  Alcohol  Levels  and  Acute  Respiratory 

Failure. 

Teresa  Silverman.,  Sidney  Kaye,  and  Harvey  B.  Haag;  Depart¬ 
ments  of  Pharmocology  &  Legal  Medicine ,  Medical  College  of 
Virginia. 

Incident  to  undertaking  a  study  concerned  with  factors  which  might 
influence  the  sensitivity  of  the  respiratory  center  to  the  depressing 
effect  of  alcohol,  we  have  had  occasion  to  determine  such  blood  alcohol 
levels  in  dogs  (average  .57  gm.%  ±  .08,  ranges  from  ..40  to  .68  gm.%) 
and  mice  (.83  gm.%  ±  .07,  ranges  from  .69  to  .92  gm.%).  In  addition,  the 
cerebrospinal  flund  levels  of  alcohol  in  dogs  was  determined  at  the  time 
of  respiratory  failure  (.64  gm.%  ±  .04).  Haggard  and  Greenberg  have 
previously  found  that  the  blood  alcohol  value  causing  acute  respiratory 
failure  in  rats  is  .93  gm.%  with  ranges  of  .89  to  1.0%. 

The  terminal  concentration  of  alcohol  in  the  blood  of  a  series  of 
seventy-two  humans  diagnosed  as  dying  from  acute  alcoholism  has  also 
been  determined  (average  .42  gm.%  ±  .09,  ranges  from  .26  to  .60  gm.%). 


Proceedings  1950-1951 


359 


Assuming  that  these  deaths  in  man  are  due  to  respiratory  failure, 
it  then  appears  that  the  respiratory  center  in  man  is  the  most  susceptible 
to  alcohol  depression,  with  that  of  the  dog,  mouse,  and  rat  showing 
increased  tolerance  in  the  order  given. 

It  is  interesting  to  note  that  this  susceptibility  to  alcohol  for  the 
various  species  follows  closely  their  ability  to  tolerate  anoxia. 

15.  Studies  on  the  Effect  of  Alcohol  on  the  Adrenal  Glands  of  Rats. 

J.  C.  Forbes  and  G.  M.  Duncan;  Division  of  Alcohol  Studies  and 
Rehabilitation ,  Department  of  Health ,  State  of  Va.,  and  the 
Department  of  Biochemistry ,  Medical  College  of  Virginia. 

Since  recent  work  with  patients  suffering  from  acute  alcoholism 
strongly  suggests  that  there  may  be  alterations  in  adrenal  function  in 
this  condition,  studies  have  been  carried  out  on  the  effect  of  acute  alco¬ 
holic  intoxication  on  the  vitamin  C  and  cholesterol  content  of  the  adrenal 
glands  of  the  albino  rat.  The  results  show  that  acute  alcoholic  intoxi¬ 
cation  acts  similarly  to  other  conditions  of  stress,  such  as  cold,  burns, 
and  severe  infection,  in  causing  an  acute  drop  in  the  level  of  both 
Vitamin  C  and  cholesterol  in  the  adrenals  of  this  animal.  The  alcohol 
was  given  in  a  50%  solution  by  stomach  tube,  and  the  animals  were 
sacrificed  at  intervals  thereafter.  Three  dose  levels  based  on  the  animal’s 
body  weight  were  tested,  namely,  4.5  gm.,  7  gm.,  and  9  gm.  per  kilo¬ 
gram.  4.5  gm.  gave  a  mild  intoxication  with  loss  of  coordination  while 
9  gm.  resulted  in  unconsciousness  and  in  some  cases,  death.  The  effect 
obtained  with  the  4.5  gm.  dose,  although  definite,  was  not  as  great  as 
with  the  higher  doses.  The  latter  showed  an  average  reduction  of  about 
50%  in  both  the  cholesterol  and  ascorbic  acid  as  compared  with  the 
levels  in  the  control  animals.  The  maximum  depletion  in  ascorbic  acid 
usually  occurred  within  three  hours,  that  of  cholesterol  from  five  to  seven 
hours,  after  the  alcohol  administration. 

16.  Comparison  of  Chloride  and  Thiocyanate  Space  for  Various  Organs* 

Especially  of  Muscle  in  Normal  and  Pathological  Conditions. 

E.  Fisher*  H.  V.  Skowlund*  E.  A.  White*  M.  J.  Bratton*  and  B.  A. 
Chevalier;  Medical  College  of  Virginia. 

A  satisfactory  method  has  been  worked  out  to  determine  simul¬ 
taneously  chloride  and  thiocyanate  space  in  small  samples  from  organs 
(rabbit).  For  heart  and  normal  skeletal  muscles,  thiocyanate  space  is 
constantly  twenty  to  thirty  percent  higher  than  chloride  space.  For  some 
other  organs,  e.g.  the  liver,  thiocyanate  space  is  about  twice  as  large  as 
chloride  space,  while  for  some  organs,  e.g.  the  brain,  thiocyanate  space 
is  considerably  smaller  than  chloride  space.  For  most  types  of  muscular 
atrophies,  the  normal  ratio  of  thiocyanate  to  chloride  space  is  little 
altered.  In  the  presence  of  local  edema,  thiocyanate  penetration  into  the 
extra-cellular  space  is  considerably  delayed. 

The  observed  differences  in  the  ratio  of  thiocyanate  to  chloride  space 
are  discussed  in  relation  to  the  differences  in  the  electrolyte  content  of 
the  cell  phases  of  the  various  tissues.  The  possibility  of  using  the  methods 
employed  on  human  biopsy  material  is  considered  critically. 

17.  The  Effect  of  Thyroxine  on  Ascorbic  Acid  Oxidation. 

Chalmers  L.  Gemmill ;  Department  of  Pharmacology ,  University 
of  Virginia  Medical  School. 

After  numerous  negative  experiments  on  the  possible  effect  of 
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thyroxine  on  oxidation  in  animal  tissue  slices  and  homogenates,  experi¬ 
ments  were  tried  with  this  hormone  on  vegetable  oxidases.  It  was  found 
that  small  amounts  of  thyroxine  stimulated  the  oxygen  uptake  of  the 
ascorbic  acid-ascorbic  acid  oxidase  system.  The  purified  preparation  of 
ascorbic  acid  oxidase  was  obtained  from  squash.  Thyroxine  had  no  effect, 
however,  on  the  oxidation  of  catachol  by  tyrosinase.  Since  ascorbic  acid 
oxidase  is  a  copper  protein,  the  effect  of  thyroxine  was  studied  on  the 
copper  ion  induced  oxidation  of  ascorbic  acid.  In  this  case,  an  inhibition 
of  oxidation  was  obtained  which  was  proportional  to  the  thyroxine 
concentration. 

18.  Heat  of  the  Enzymatic  Inversion  of  Sucrose. 

C.  R.  Bauer,  C.  L.  Gemmill,  M.  J.  Lover,  F.  C.  Holler,  and  D. 
Venable;  Department  of  Pharmacology,  University  of  Virginia 
Medical  School. 

A  year  ago  Holler,  Venable,  and  Gemmill  (Fed.  Proc.,  9:287:1950) 
reported  that  thermistors  may  be  used  in  microcalorimetry.  This  work 
has  been  continued  and  extended,  using  both  thermistors  and  thermopiles 
as  thermometric  elements  in  the  determination  of  the  heat  produced 
during  the  enzymatic  inversion  of  sucrose.  The  changes  in  resistance  of 
the  thermistors  was  measured  by  means  of  standard  bridge  circuit  during 
reaction  or  calibration  runs.  When  thermopiles  were  used,  their  output 
was  amplified  and  then  recorded  with  a  Brown  recorder.  Calibrations 
of  the  calorimeters  were  made  in  the  classical  way  and  the  calibrations 
were  designed  to  reproduce  very  closely  the  same  temperature  changes 
as  in  the  actual  enzymatic  reactions.  Commercial  invertase  was  used  in 
these  determinations  which  were  carried  out  at  30°.  A  buffered  (pH  4.5) 
0.1297M  sucrose  solution  was  used,  and  the  enzymatic  reaction  was 
stopped  by  the  addition  of  a  small  amount  of  sodium  hydroxide.  Analy¬ 
ses  for  invert  sugar  in  the  final  reaction  mixtures  were  made  by  a 
standard  gravimetric  Fehling’s  procedure.  The  results  of  eight  determ¬ 
inations  with  thermistors-  gave  the  heat  of  enzymatic  inversion  of  su¬ 
crose  (AH)  as  -3.28±.05  kg.  cal.  per  mole.  Four  determinations  with 
thermopiles  gave  a  value  of  -3.32±.06  kg.  cal.  per  mole. 

19.  Oxygen  Administration  to  Patients  with  Pulmonary  Fibrosis  or 

Emphysema. 

John  L.  Guerrant;  Department  of  Internal  Medicine,  University 
of  Virginia  Medical  School. 

Report  of  a  patient  with  pulmonary  emphysema,  cor  pulmonale, 
cyanosis,  and  congestive  heart  failure  who  developed  coma  and  died 
after  oxygen  administration:  The  development  of  coma  after  oxygen 
administration  in  patients  with  chronic  lung  disease  and  anoxemia  has 
been  reported  by  several  authors.  The  mechanism  is  not  well  under¬ 
stood.  Such  patients  may  develop  increased  arterial  oxygen  saturation, 
increased  arterial  carbon  dioxide  tension,  reduction  in  arterial  blood 
pH,  decrease  in  respiratory  volume,  increase  in  cerebral  spinal  fluid 
pressure.  None  of  these  changes  alone  will  regularly  produce  coma. 
Patients  with  chronic  anoxemia  should  be  observed  closely  when  treated 
with  oxygen.  Coma  can  be  prevented  by  using  low  oxygen  concentra¬ 
tion  and  intermittent  oxygen  administration.  Intermittent  Positive  Pres¬ 
sure  Breathing  is  a  useful  procedure  for  these  patients. 
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20.  The  Diagnosis  of  Brain  Tumors  with  Diiodofluorescein  Using  a 
Crystal  Counter  and  a  Photoelectric  Multiplier — Physical  and 
Clinical  Implications. 

Kenneth  Crispcll,  Alden  Stephenson^  and  Frank  Hereford; 
Department  of  Internal  Medicine  and  School  of  Physics,  Uni¬ 
versity  of  Virginia.  (Presented  by  title.) 

21.  Investigations  on  the  Histochemical  Demonstration  of  Carbohy¬ 
drates  by  the  PAS  Method. 

J.  F.  A.  McManus  and  C.  Hoch-Ligeti;  Department  of  Path¬ 
ology,  University  of  Virginia  School  of  Medicine. 

This  report  describes  the  reinvestigation  in  tissue  sections  and  in  the 
test  tube  of  the  basic  reactions  involved  in  the  periodic  acid  oxidation  of 
1,2  glycols  and  the  subsequent  demonstration  of  the  polyaldehydes  with 
Schiff’s  reagent. 

1  /2%  aqueous  periodic  acid  will  not  produce  a  precipitate  with 
fresh  Schitf ’s  reagent  except  in  proportions  in  excess  of  1:5.  The  first 
compound  formed  between  periodic  acid  and  Schiff’s  reagent  is  soluble 
in  excess  of  Schiff’s  reagent.  In  the  presen.ce  of  a  small  amunt  of  periodic 
acid  Schiff’s  reagent  is  available  to  color  aldehydes  in  tissue  sections 
but  no  oxidizing  effect  cf  periodic  acid  can  be  demonstrated.  For  these 
reasons,  sections  need  not  be  rinsed  after  periodic  acid  oxidation  but  may 
be  taken  directly  to  Schiff’s  reagent  which  acts  like  a  reducing  rinse. 

Variations  in  the  composition  of  Schiff’s  reagent  may  produce  vari¬ 
able  results,  depending  apparently  upon  the  amount  of  excess  hydro¬ 
chloric  or  sulfurous  acid.  If  an  excess  of  substrate,  capable  of  combining 
with  sulfurous  acid,  is  present  in  the  spot  test,  periodic  acid  or  periodate 
oxidation  may  recolor  the  Schiff’s  reagent.  A  large  excess  of  Schiff’s 
reagent  seems  to  prevent  this  occurrence. 

The  possibility  of  substituted  1,2  glycols  and  ring  structures  being 
oxidized  under  the  conditions  of  the  PAS  reaction  should  be  considered 
in  the  light  of  known  optima  of  time  and  pH  for  these  oxidations.  Prac¬ 
tically,  the  PAS  reaction  shows  1,2  glycols,  usually  carbohydrate.  This 
may  be  checked  with  the  acetylation  technique  of  McManus  and  Cason, 
further  precautions  and  safeguards  of  which  are  described. 

22.  Cytologic  Criteria  of  Malignancy:  Critical  Comments  on  the  Morpho¬ 
logic  Diagnoses  of  Neoplasia. 

S.  Miles  Bouton^  Jr.;  General  Hospital,  Lynchburg. 

The  recent  stressing  of  pure  cytologic  study  of  neoplasia  necessi¬ 
tates  re-evaluation  of  the  criteria  used  by  the  histopathologist.  Critical 
analysis  of  the  approach  to  tissue  study  offers  a  reminder  that  carcinoma 
in  tissue  sections  is  not  actually  diagnosed  entirely — occasionally  not 
even  primarily — by  morphologic  features  of  individual  cells.  Tissue 
relationships  play  a  very  important  part.  Several  questions  present  them¬ 
selves  for  answers:  (1)  Is  there  such  a  thing  as  a  “malignant  cell”  as 
judged  by  cell  appearance  apart  from  other  cells  or  tissue  structure? 
(2)  If  there  are  any  characteristics  which  all  malignant  cells  reveal,  do 
they  occur  only  in  neoplastic  tissue?  (3)  What  about  type  specificity  of 
tumor  cells  as  an  index  of  a  degree  of  malignancy?  (4)  In  view  of  recent 
statistical  experiences  with  the  Papanicolaou  technique,  is  it  proper  to 
consider  as  truly  neoplastic  a  growth  which  regresses  spontaneously? 
Behavior  in  tissue  culture,  survival  in  transplants,  appearance  of 
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metastatic  cells  as  compared  to  primary  growth,  and  response  to  x- 
irradiation  in  relation  to  degree  of  anaplasia,  all  enter  into  the  advanced 
morphologic  diagnosis  of  “cancer.” 

23.  Isoimmunization  by  a  New  Blood  Factor  in  Tumor  Cells. 

Philip  Levine,  O.  B.  Bobbit,  R.  K.  Waller,  and  A.  B.  Kuhmichel; 
Ortho  Research  Foundation,  Raritan,  N.  J.  University  of  Vir¬ 
ginia  Medical  School,  and  Medical  College  of  Virginia.  (Pre¬ 
sented  by  title.) 

24.  Sakaguchi  Tube  Test  for  Arginine  Applied  to  Histochemistry. 

T.  N.  Warren  and  J.  F.  A.  McManus;  Departments  of  Clinical 
Pathology  and  Pathology,  University  of  Virginia  Medical 
School. 

Sakaguchi’s  original  test  for  arginine  using  a-naphthol  was  adapted 
to  histochemical  uses  by  Baker,  Serra,  and  Thomas.  These  methods  have 
the  disadvantage  of  an  unstable  color.  Recently  Sakaguchi  has  developed 
another  test,  using  8-hydroxy  quinoline  (oxine)  in  place  of  a-naphthol. 
This  paper  reports  preliminary  studies  in  the  application  of  this  method 
to  histochemistry.  This  new  method  has  the  advantage  of  a  simplified  pro¬ 
cedure  producing  a  more  stable  arginine  color. 

Formalin-fixed  tissue  is  cut  on  the  freezing  microtome  and  attached 
to  a  slide.  After  partial  air-drying,  the  slide  in  a  horizontal  position  is 
flooded  with  the  following  reaction  mixture:  9  drops  8-hydroxyquinoline 
(oxine)  solution,  0.4%  in  absolute  alcohol;  60  drops  water:  60  drops 
10%  sodium  hydroxide;  and  8  drops  sodium  hypochlorite  (Eimer  and 
Amend).  Tissues  rich  in  arginine  develop  an  orange  color  in  two  to 
five  minutes.  The  reaction  may  be  halted  by  draining  the  slide  and 
mounting  in  glycerine.  The  color  does  not  fade  perceptibly  in  forty- 
eight  hours. 

A  strong  color  is  produced  in  the  thymus  of  humans  and  rabbits, 
perhaps  indicating  a  high  arginine  content  of  the  histone  in  thymus 
nucleoprotein.  Duodenum  is  strongly  colored  in  the  region  of  Brunner’s 
glands,  where  apoferritin  is  presumably  manufactured.  Colloid  in  thy¬ 
roid  tissue  also  stains  deeply.  Collagenous  tissue  has  a  moderately  high 
arginine  content.  Normal  epithelial  tissues  generally  produce  very  little 
color. 

25.  The  Demonstration  of  the  Intercapillary  Space  of  the  Human  Renal 

Glomerulus. 

J.  F.  A.  McManus,  C.  H.  Lupton,  Jr.,  L.  S.  Graham,  Jr.;  Depart¬ 
ment  of  Pathology,  University  of  Virginia  Medical  School. 

The  method  of  Ritter  and  Oleson  (’50)  combining  the  Hale  (’46) 
procedure  for  acid  polysaccharides  and  the  periodic  acid-Schiff’s  reagent  j 
method  for  carbohydrates  has  been  applied  to  the  study  of  human  kid¬ 
neys.  A  selective  staining  of  the  intercapillary  space  of  the  human 
renal  glomerulus  is  obtained.  The  abnormal  glomerular  material  of  inter-  j 
capillary  glomerulosclerosis  infiltrates  and  accentuates  the  intercapillary 
space.  The  method  of  Ritter  and  Oleson  (’50)  is  a  valuable  histological 
stain  for  the  study  of  the  human  kidney.  Its  histochemical  specificity 
for  acid  polysaccharides  is  questioned. 
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26.  Changes  in  the  Blood  and  Peripheral  Vascular  Bed  Produced  by 
Experimental  Metrazol  Administration. 

J.  F.  Kellj  Jr.,  G.  R.  Hennigar,  and  E.  C.  Hoff;  Neurological 
Science  Laboratory ,  Medical  College  of  Virginia. 

Investigations  of  the  influence  of  the  brain’s  vasomoter  centers  have 
demonstrated  that  stimulation  of  the  cat’s  cerebral  pressor  areas  results 
in  widespread  vasoconstriction.  However,  in  certain  viscera,  such  as  the 
lung,  the  vascular  bed  remains  dilated.  Metrazol,  which  stimulates  only 
the  suprasegmental  vasomotor  centers  in  both  convulsive  and  subcon- 
vulsive  injections,  was  administered  chronically  in  a  series  of  cats  for 
a  period  of  one  to  two  months.  Many  of  these  animals  revealed  pro¬ 
nounced  thickening  of  the  pulmonary  arteries  and  a  pronounced  increase 
in  the  red  blood  cell  count.  This  pulmonary  arteriosclerosis  and  poly¬ 
cythemia  in  cats  resembles  Ayerza’s  disease  in  man. 

27.  The  Effect  of  Lactic  Acid  Production  on  In  Vitro  Acid  Secretion 
from  the  Gastric  Mucosa  of  a  Bullfrog. 

Leslie  E.  Edwards  and  Joyce  A.  Wills;  Department  of  Physiol¬ 
ogy,  Medical  College  of  Virginia. 

This  is  a  method  designed  for  getting  pure  gastric  juice  from  a  mem¬ 
brane  obtained  from  the  lining  of  animal  stomachs.  These  membranes  are 
capable  of  secreting  a  strong  acid  for  a  period  of  twenty-four  hours. 
About  0.1N  hydrochloric  acid  is  produced  by  the  bullfrog.  This  paper 
deals  with  the  interpretation  of  free  acid  as  measured  in  this  juice. 

It  wes  found  that  lactic  acid  does  not  influence  the  free  acid  meas¬ 
urements  for  these  reasons:  (1)  the  amount  of  lactate  produced  by 
the  bullfrog  stomach  does  not  contribute  appreciably  to  the  acid  secreted 
by  the  .stomach;  and  (2)  no  direct  relationship  exists  between  the 
amount  of  free  acid  (HC1)  and  the  lactate  produced.  The  dissociation  of 
lactic  acid  and  the  depression  of  ionization  of  lactic  acid  by  other  H  ions 
were  taken  into  account. 

In  addition,  no  relationship  exists  between  the  amount  of  pepsin 
and  the  free  acid  secreted. 
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Minutes  of  the  Section  of  Psychology  [10] 

John  N.  Buck,  Chairman 
Stanley  B.  Williams,  Secretary-Treasurer 
Frank  W.  Finger,  Executive  Committeeman 
Richard  H.  Henneman,  Section  Editor  (1954) 

FRIDAY,  MAY  11,  9:00  A.  M.  —  ROOM  16,  MAIN  BUILDING 

1.  The  Incidence,  Assigned  Motives,  and  Successes  of  Attempted  Sui¬ 
cides,  in  Certain  Chinese  Cities,  with  Comparative  Intercultural 

Factors. 

C.  Hart  Westbrook;  Richmond ,  Virginia. 

Data:  A.  10,188  cases  (attempts  and  successes),  Greater  Shanghai, 
1929-34  (excluding  1932);  B.  Hospitals:  Peking,  149;  Shanghai  Red  Cross, 
117;  Nanking,  80.  Average  for  5-year  period:  I.  All  attempts,  74.76; 
successes,  23.3;  recoveries  (failures),  49.5  -  per  100,000  of  annual  Cus¬ 
toms  Population  Estimates  less  10%  for  children  under  10  and  reported 
foreigners.  Exciting  causes:  Problems  of  home,  30.5%;  outside  society, 
30.2%;  economic  depression  and  unemployment,  22.%;  personality  con¬ 
flicts,  4.5% ;  sickness,  1.76  %;  “unknown”  and  miscellaneous,  11%.  (versus 
Seattle  53.4%,  sickness,  affectional,  18.6,  economic,  14.7,  deliquency 
6.6).  Methods  used:  poisoning,  77%;  drowning,  8.7;  hanging,  14;  “swallow¬ 
ing  gold”,  etc.,  5;  cutting,  piercing,  2.4  -  versus  American:  shooting, 
26.7;  asphyxiation,  23.5;  poisoning,  18.5;  hanging,  15.  Chinese  press  reports 
hanging  highest,  1934.  Peking  (P.U.M.C.)  Hospital:  149  cases,  all  poi¬ 
soned;  Red  Cross,  117  cases,  116  poisoned;  Nanking,  80  cases  (40%  poi¬ 
soning,  26%  hanging).  Occupations:  Without,  32%;  “unknown”  46.; 
workers,  6.7;  business,  6.1.  Death  ratios:  Women,  55%,  men,  45%  -  almost 
reversing  Seattle  ones  (36.8  to  46.9).  Recoveries:  excessive,  49.5%  of 
all  attempts,  challenging  “sincere”  suicidal  intentions.  Perhaps  due  to 
women’s  protective  threat  against  inferior  position,  personality  and 
family  frustrations.  Age  decade  20-29,  highest  death  incidence;  30-39 
decade,  next;  both  as  in  Peking  (1917).  Shanghai  group’s  ages,  marital 
status  data  incomplete.  Americen  frequencies  increase  to  60  years.  Male  to 
Female  Ratio:  0.876,  nearest  India’s  Bombay,  0.92;  Punjab,  0.79;  next 
Japan’s  1.65-Western:  England  &  Wales,  2.98;  Switzerland,  5.22;  U.S.A., 
2.59. 

2.  The  Effect  of  Thyroxin  on  Conditioning  and  Extinction. 

Henry  Ellis  and  Eugene  Kanter;  College  of  William  and  Mary . 

The  experiment  was  performed  to  determine  the  effects  of  thyroxin 
on  the  extinction  of  a  bar-pressing  response  in  white  rats  under  water 
drive. 

18  male  rats  were  matched  into  3  groups,  2  experimental  and  1  con¬ 
trol,  on  the  basis  of  conditioned  rate  of  responding.  Experimental  Group 
1  received  .015  mg.  and  Experimental  Group  2  received  .075  mg.  of 
thyroxin  injected  subcutaneously  daily  for  4  consecutive  days,  while 
the  control  group  received  no  injections  of  any  kind. 

Using  the  criterion  for  extinction  as  20  minutes  of  no  response,  re¬ 
sults  show  no  statistically  significant  difference  between  the  groups  for 
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either  mean  time  or  mean  number  of  responses  to  extinction.  However 
there  was  a  tendency  for  thyroxin  to  increase  mean  time  to  extinction 
and  decrease  mean  number  of  responses  to  extinction. 

The  thyroxin  did,  however,  produce  a  statistically  significant  de¬ 
pression  in  the  rate  of  responding  and  the  amount  of  depression  was 
effectively  the  same  for  both  experimental  groups. 

3.  Test-versus  Item-reliability  with  Learning  Factor  Minimized. 

Harold  D.  Good  and  Burton  R.  Wolin ;  College  of  William  and 
Mary. 

The  multiple  choice  vocabulary  section  of  the  California  Test  of 
Mental  Maturity  was  presented  four  successive  times  immediately  upon 
completion  of  the  previous  administration,  to  a  randomly  selected  group 
of  freshman  college  students.  The  test  items  were  ranked  by  difficulty,  on 
the  basis  of  the  number  right  on  the  first  two  testings  of  the  group.  The 
data  were  plotted  showing  inconsistency  of  response  on  the  four  testings 
as  a  function  of  the  decile  levels  of  difficulty.  Inconsistency  of  response 
for  the  group  was  greatest  for  items  of  intermediate  difficulty,  and  this 
inconsistency  of  response  approximates  a  normal  curve.  This  investigation 
gives  evidence  that  despite  increasing  reliability  from  test  to  test,  the 
average  score  stayed  the  same,  and  that  items  of  intermediate  difficulty 
are  mainly  responsible  for  most  of  the  lack  of  complete  reliability  from 
one  administration  to  the  next.  The  basic  assumption  that  tests  can  be 
compared  to  psycho-physical  functions  is  supported. 

4.  Changes  in  “Social  Maturity”  from  Freshman  to  Senior  Year  in 
College. 

Kathryn  Hill  and  Elise  Gamble;  Hollins  College.  (Presented  by 
title.) 

5.  Group  Rorschach  Scores  and  Scholastic  Averages. 

Marjorie  Brownell;  Randolph-  Macon  Women’s  College.  (Pre¬ 
sented  by  title.) 

6.  Student’s  Aid  in  Planning  Professional  Courses. 

A.  W.  Hurd;  Medical  College  of  Virginia. 

At  the  Medical  College  of  Virginia,  first  and  second  year  students 
have  been  asked  to  give  their  confidential  opinions  on  various  phases 
of  the  professional  program  of  instruction.  We  have  tabulated  their 
replies  referring  to  (1)  reasons  for  choosing  medicine  as  a  career; 
(2)  dislikes  in  their  premedical  college  work;  (3)  the  most  pressing 
social  problems  of  today;  (4)  their  most  disturbing  personal  problems; 

(5)  suggestions  on  desirable  features  of  instruction  in  the  medical  school; 

(6)  interests  in  future  medical  practice;  and  (7)  satisfying  and  un¬ 
satisfying  aspects  of  freshman  and  sophomore  instruction. 

Standing  out  among  hundreds  of  statements  collected  were:  dis¬ 
satisfaction  with  too  many  lectures;  too  much  detail;  too  much  mere 
memorization;  too  little  emphasis  upon  generalizations;  too  many  acute 
financial  problems;  too  much  difficulty  in  gaining  admission  to  medical 
school;  too  much  impersonal  instruction;  too  little  attention  to  problem 
solution  and  individual  project  work;  too  much  specialization;  too  little 
attention  to  total  health  situations;  too  many  short  courses;  and  too 
infrequent  tests  and  grades  to  let  them  know  how  they  were  progressing. 
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Satisfying  aspects  mentioned  most  often  were:  some  very  helpful 
instructors;  practical  courses  with  ward  visits;  personalized  instruction 
in  some  courses;  some  opportunities  to  show  their  abilities  in  planning; 
and  instruction  giving  large  overviews  of  the  doctor’s  work. 

7.  The  Ethical  Discrimination  of  Various  Groups  of  College  Women, 
Based  on  Hollingworth’s  Scale. 

Helen  K.  Mull;  Sweet  Briar  College.  (Presented  by  title.) 


8.  Further  Evidence  for  Secondary  Reinforcement  in  Specific  Hunger 
Behavior. 

John  K.  Bare;  College  of  William  and  Mary. 

The  evidence  presented  showed  that  under  conditions  of  food  de¬ 
privation,  the  preference  demonstrated  by  white  rats  for  saccharine 
solution  over  water  could  be  at  least  partially  extinguished,  while  that 
for  a  sucrose  solution  over  water  increased.  The  data  were  interpreted  as 
supporting  an  account  of  the  behavior  based  upon  secondary  reinforce¬ 
ment.  It  was  reasoned  that  the  absence  of  food  eliminated  the  primary 
reinforcement  of  hunger  reduction  necessary  to  provide  the  saccharine 
taste  with  secondarily  reinforcing  properties. 

9.  Differential  Food  Preference  as  a  Function  of  Secondary  Rein¬ 
forcement. 

Paul  Spector;  University  of  Virginia.  (Presented  by  title.) 

10.  Simultaneous  Galvanic  and  Faradic  Stimulation  of  the  Skin. 

Jack  A.  Vernon;  University  of  Virginia. 

The  literature  concerning  the  electrical  properties  of  the  skin  reveals 
that  Gildermeister,  in  1920,  found  that  the  A.C.  resistance  of  the  skin 
was  unaffected  by  the  passage  of  direct  current.  However,  Einthoven 
and  Bijtel  in  1923,  using  a  low  frequency  found  that  the  passage  of  a 
direct  current  significantly  lowered  the  A.C.  resistance  of  the  skin. 

These  data  suggest  that  the  thresholds  to  alternating  current  should 
be  lowered  by  the  simultaneous  presence  of  direct  current.  The  procedure 
was  to  apply  varying  amounts  of  direct  current,  from  0.1  through  0.6 
milliamperes,  to  the  first  joint  of  the  third  finger.  Simultaneously  the 
thresholds  were  determined  for  alternating  currents  of  200,  400,  800, 
1200,  and  1500  cycles  per  second.  In  that  the  D.C.  intensities  employed 
were  all  of  subthreshold  value  the  subject  had  no  way  of  knowing  whether 
he  was  being  stimulated  by  AG.  and  D.C.  or  by  A.C.  alone  since  both 
modes  of  stimulation  were  used  in  a  random  fashion. 

The  findings  were:  as  the  intensity  of  the  subthreshold  D.C.  is 
increased  the  cutaneous  sensitivity  for  A.C.  at  frequencies  of  200  and  400 
cycles  per  second  is  progressively  increased.  The  effect  of  the  D.C.  on 
the  higher  frequencies  was  not  consistent.  Small  amounts  of  D.C.  tended 
to  elevate  the  A.C.  threshold  to  frequencies  of  800,  1200,  and  1500  cycles 
per  second.  And  the  greatest  amount  of  D.C.  used,  0.6  milliampere, 
tended  to  decrease  the  A.C.  threshold  for  these  same  frequencies.  The 
full  implication  of  these  data  is  not  yet  obvious.  It  is  hoped  that  they 
will  be  better  understood  in  light  of  other  research  now  in  progress. 
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11.  The  Frequency  Response  Characteristics  of  the  Skin  as  a  Medium 

for  Vibratory  Forces. 

Carl  E.  Scherrick;  University  of  Virginia. 

It  is  noted  that  while  several  investigations  of  the  absolute  threshold 
to  vibration  have  obtained  similar  functions  in  plots  of  frequency  vs. 
contactor  amplitude,  few  investigators  have  attempted  to  determine  the 
mechanical  changes  taking  place  in  the  skin.  Application  of  static 
principles  directly  to  vibratory  phenomena  is  not  valid,  although  work 
in  cutaneous  sensitivity  may  assist  in  determining  important  physical 
variables. 

Three  problems  are  discussed:  (a)  The  degree  to  which  the  skin 
follows  the  vibratory  motion  of  the  contactor;  (b)  The  differential  effects 
of  stimulation  perpendicular  to  or  laterally  across  the  skin;  (c)  The 
physical  characteristics  of  the  skin  and  underlying  tissue  which  affect 
the  threshold  function  for  vibratory  motion. 

It  is  found  that  the  skin  duplicates  the  vibratory  motion  of  the  con¬ 
tactor  with  respect  to  wave  form,  that  perpendicular  stimulation  and 
lateral  stimulation  appear  to  differ  neither  with  respect  to  the  motion 
which  they  impart  to  the  skin,  nor  by  their  effect  on  the  threshold 
function.  From  data  reported  by  Geldard  and  by  Bekesy  it  is  postulated 
that  stimulation  of  broad  areas  of  skin  set  in  motion  large  masses  of 
tissue,  the  extent  of  disturbance  of  which  depends  on  frequency  of 
vibration.  The  greater  the  extent  of  disturbance,  the  lower  the  threshold 
at  any  point  stimulated,  and  hence  the  form  of  the  threshold  curve 
ordinarily  obtained — a  U-shaped  function  with  its  minimum  at  250 
cycles  per  second — would  be  expected.  Further  research  on  this  problem 
is  being  carried  out  at  present. 

12.  A  Comparison  of  the  Effects  of  Peripheral  Light  Variation  on 
Tachistoscopic  Presentation  of  Digits. 

Andrew  W.  Gottschall,  Jr.;  Washington  and  Lee  University. 

This  experiment  was  performed  in  an  attempt  to  determine  the 
effects  of  training  with  a  tachistoscope  in  a  darkened  room  and  in  an 
ordinarily  lighted  room.  This  training  was  also  investigated  in  respect 
to  its  transfer  to  an  actual  reading  situation. 

In  addition  to  the  two  experimental  groups  and  control  group, 
another  type  of  control  group  was  used  in  an  effort  to  check  possible 
differences  in  motivational  factors. 

It  was  found  that  the  group  which  operated  under  darkened  con¬ 
ditions  progressed  more  rapidly  with  actual  tachistoscopic  procedure 
which  was  probably  due  to  the  utilization  of  afterimagery.  However, 
the  greatest  transfer  to  an  actual  reading  situation  was  achieved  by  the 
group  worked  under  lighted  conditions. 

The  motivation  control  group  also  showed  significant  gains  in  read¬ 
ing  speed  but  these  gains  were  not  as  significant  as  those  achieved  by 
the  “Light”  group. 

13.  Conditioning  of  a  Verbal  Guessing  Response  with  Subjects  Unable 

to  Verbalize  the  Solution. 

Burton  R.  Wolin;  College  of  William  and  Mary. 

80  sophomores  at  the  College  of  William  and  Mary  independently 
guessed  whether  a  light  would  or  would  not  come  on  three  seconds 
after  an  auditory  signal.  The  occurrence  or  non-occurrence  of  the  light 
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was  arranged  in  sequences  of  2,  3,  or  4  for  a  run,  thus  making  the 
second  trial  in  any  sequence  “predictable”. 

Conditioned  guessing  was  obtained.  Effectively  one  hundred  percent 
of  the  group  correctly  predicted  the  second  trial  of  sequences  toward 
the  end  of  the  total  series  of  trials.  Prediction  on  other  trials  was  at 
chance.  Students  t  was  4.67,  p  was  .001. 

The  subjects  could  not  verbalize  the  basis  for  their  predictions,  and 
could  not  report  that  conditioning  had  occurred. 

Business  Meeting 

The  business  meeting  was  opened  by  the  President,  John  Buck 
at  1 :45  p.m. 

1.  Secretary’s  report  gave  the  following  account  of  the  membership: 


Membership  a  year  ago  . . 

..  82 

Present  membership  . . . 

..  84 

Fully  paid  members  . . 

..  68 

Unpaid  members  . 

..  16 

TOTAL  MEMBERSHIP 

Resignations  . 

..  3 

Members  . 

..  84 

Dropped  for  non-payment  of  dues  .. 

..  6 

Stud.  AfHl _ 

..  9 

New  members  since  last  May  . .. 

..  11 

— 

Student  affiliate  membership  . 

..  9 

93 

Student  affiliate  paid  . 

..  5 

Student  affiliate  unpaid  . 

.  4 

The  secretary  stated  that  the  discrepancy  between  the  fully  paid  mem¬ 
bership  and  the  total  membership  was  due  to  the  fact  that  our  consti¬ 
tution  does  not  permit  a  member  to  be  dropped  from  the  records  until 
two  successive  years  of  non-payment  of  dues. 

2.  Treasurer’s  report  was  as  follows: 

Receipts 

1.  Money  on  hand.  May  1950  . $000.00 

2.  Dues  received  May,  1950-May,  1951  .  249.50  $249.50 

Expenditures 

3.  Money  paid  out: 

To  Virginia  Academy  of  Science  .  182.00 


To  Conference  of  State  Psychological 

Association  . . . .  36.50 

To  American  Psychological  Association  for 

State  Affiliates  dues  .  28.00 


$246.50  246.50 

Dues  paid  in  advance  for  year  1951-52  ....  3.00  3.00 

$249.50 

4.  Balance  now  in  treasury .  3.00 

3.  Report  of  the  Committee  to  Coordinate  Research  Activities  in  the 
Colleges  and  Universities  by  Dr.  Ceeile  Finley,  Chairman: 
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Dr.  Finley  summarized  the  work  of  the  committee  by  saying  that 
it  had  stimulated  the  initiation  of  three  cooperative  research  projects 
in  the  past  year,  two  of  which  were  never  completed.  The  third  was  the 
basis  for  one  of  the  research  papers  presented  at  the  current  meeting, 
namely,  Changes  in  “Social  Maturity”  from  Freshman  to  Senior  Year 
in  College”  by  Kathryn  Hill  and  Elise  Gamble  of  Hollins  College.  Dr. 
Finley  reviewed  the  committee’s  aims  which  are: 

a.  To  stimulate  undergraduate  student  research. 

b.  To  help  students  contribute  more  to  the  annual  meeting  by 
cooperative  research  efforts  with  students  in  colleges  other  than  their 
own. 

The  report  of  the  committee  was  accepted. 

4.  Report  of  the  Committee  on  Long-Range  Planning,  Dr.  William 
Hinton,  Chairman. 

Dr.  Hinton  made  a  few  informal  remarks  summarizing  some  of  the 
long-range  problems  which  have  been  discussed  by  the  committee.  The 
two  most  important  topics  were  the  question  of  how  long  the  annual 
meeting  should  last,  that  is,  whether  it  should  be  extended  to  more  than 
one  day,  and  the  question  of  a  possible  change  in  the  name  of  the  associ¬ 
ation.  The  committee  concluded  tentatively  that  no  lengthening  of  the 
annual  meeting  was  at  present  required  although  they  had  discussed 
the  possibility  of  extending  the  program  through  Saturday  morning 
provided  a  symposium  or  an  invited  speaker  were  to  be  added  to  the 
program.  The  committee  wholly  approved  the  inclusion  in  the  program 
of  a  large  number  of  student  research  reports.  As  to  the  name  of  the 
association,  the  question  is  whether  to  change  the  name  to  the  Virginia 
Psychological  Association  in  conformity  with  similar  organizations  in 
other  states.  The  committee  is  not  at  the  present  time  ready  to  submit 
any  specific  proposals  on  any  of  these  matters. 

In  the  discussion  of  this  report  from  the  floor,  Dr.  Reuben  Hor- 
lick  asked  to  have  a  show  of  hands  regarding  the  two  day  meeting  plan. 
Of  approximately  40  members  present,  12  raised  hands  in  favor  of 
“an  extended  meeting  of  more  than  one  day”.  Since  this  was  not  put  in 
the  form  of  a  motion,  no  action  followed  and  the  report  of  the  com¬ 
mittee  was  accepted. 

5.  Report  of  the  Section’s  Representative  to  the  Conference  of  State 
Psychological  Associations  by  Dr.  William  Hinton. 

Dr.  Hinton  summarized  briefly  the  discussion  that  took  place  at 
the  last  meeting  of  the  Conference  held  September,  1950.  A  completed 
report  on  this  Conference  had  already  been  mimeographed  and  sent 
to  the  members. 

6.  The  Report  of  the  Nominating  Committee  consisting  of  Mrs.  Harriet 
MacConnel,  John  A.  Blake,  and  Cora  L.  Friedline,  Chairman.  The 
Committee  nominated  the  following  for  officers  for  the  year  1951-52: 
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Chairman — Dr.  A.  W.  Hurd,  Medical  College  of  Virginia 
Secretary-Treasurer — Dr.  Stanley  B.  Williams, 

College  of  William  and  Mary 
Executive  Committeeman — Dr.  Frank  W.  Finger, 

University  of  Virginia 
Representative  to  the  Conference 

of  State  Psychological  Associations — Mr.  Austin  Griggs 

University  of  Richmond 

These  nominations  were  accepted  without  dissent,  a  hand  vote  showing 
25  in  favor  and  none  opposed.  The  chairman  declared  the  committee’s 
slate  elected. 

7.  The  Report  of  the  Legislative  Committee  by  Chairman,  John  Buck. 

Mr.  Buck  referred  first  to  the  passage  by  the  state  of  Georgia  of 
the  country’s  first  law  for  the  licensing  of  psychologists.  Mr.  Buck  then 
referred  briefly  to  the  efforts  in  New  York  state  to  develop  a  law  for 
the  licensing  of  psychologists.  A  proposed  law  which  had  apparently 
been  well  prepared  and  approved  by  the  professional  psychologists  in 
New  York  was  passed  by  both  houses  of  the  New  York  legislature,  but 
was  vetoed  by  Governor  Dewey.  Mr.  Buck  wrote  to  Governor  Dewey 
asking  his  reasons  for  the  veto.  His  reply,  made  by  an  assistant  to  the 
Governor,  was  brief  and  non-committal  but  included  a  memorandum 
prepared  by  the  Governor  at  the  time  of  his  veto  which  gave  his  justi¬ 
fication.  Informal  comments  of  listeners  seemed  to  express  surprise  at 
the  wholly  inappropriate  and  inadequate  reasons  given  by  Governor 
Dewey. 

Mr.  Buck  then  reviewed  briefly  the  current  status  of  the  proposed 
Virginia  licensing  law  which  has  been  under  discussion  in  this  state  for 
about  two  years.  The  committee  recommendation  is  that  the  present 
draft  of  the  proposed  law  be  disapproved  by  the  section  so  that  an 
improved  version  can  be  worked  out  in  the  future.  Dr.  Reuben  Horlick 
then  moved  that  “the  licensing  bill  in  its  present  form  is  not  acceptable 
to  the  Psychology  Section  of  the  Virginia  Academy  of  Science  and  that 
the  legislative  committee  of  the  Section  be  instructed  to  maintain  a  close 
relation  with  the  corresponding  committees  of  the  State  Neuropsychiatric 
Society  and  the  State  Medical  Association  with  the  view  of  coming  to  a 
mutually  satisfactory  agreement  on  licensing  legislature  as  soon  as 
possible.”  This  motion  was  seconded  by  Dr.  Orr.  In  the  discussion  of  the 
motion  Dr.  Rich  called  attention  to  the  fact  that  we  do  now  have  for 
the  first  time  in  the  state  one  practicing  psychologist  but  we  have  no 
law  to  protect  him.  He  further  stated  that  he  as  a  member  of  the 
Neuropsychiatric  Society  had  attended  its  recent  meeting  and  there  heard 
considerable  discussion  about  the  entrance  of  a  practicing  psychologist 
into  the  state.  He  furthermore  quoted  Dr.  Barrett,  the  State  Commis¬ 
sioner  of  Mental  Hygiene,  to  the  effect  that  there  would  be  no  problem 
as  to  the  status  of  practicing  psychologists  if  the  state  legislature  had 
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already  passed  a  proper  licensing  act.  Dr.  Horlick  then  rose  to  identify 
himself  as  the  practicing  psychologist  in  this  discussion  and  to  report 
his  experiences  since  the  establishment  of  his  private  office  in  Washington 
approximately  two  months  ago.  He  stated  that  he  had  always  tried 
to  make  sure  that  he  had  the  approval  of  the  local  medical  societies  and 
that  he  had  had  such  approval  before  opening  his  office.  He  stated 
further  that  he  was  completely  devoted  to  the  principle  of  maintaining 
harmony  with  the  medical  profession.  Further  discussion  from  the  floor, 
particularly  by  Mrs.  Miriam  Speck,  pointed  out  the  fact  that  psycholo¬ 
gists  already  hired  by  state  or  other  agencies  very  often  handled  private 
cases  in  addition  to  their  regular  work  and  had  been  doing  so  for  many 
years  without  any  objection  ever  having  been  raised  by  the  medical  or 
other  professions. 

8.  Dr.  Horlick  moved  that  the  Psychology  Section  go  on  record  as 
favoring  the  formation  of  a  northern  division  of  the  Section  for  those 
living  near  Washington,  D.  C.  provided  that  such  persons  desire  it. 
This  motion  was  seconded  and  approved  without  dissent  by  voice  vote. 

Business  meeting  adjourned  at  2:30  p.m. 


14.  The  Effect  of  Order  of  Presentation  upon  “Estimates  of  Mildness” 
in  Certain  Cigarette  Tests. 

William  M.  Hinton;  Washington  and  Lee  University. 

Purpose:  To  check  the  effect  of  the  order  of  presentation  upon  results 
obtained  in  the  Phillip  Morris  “We  dare  them  all”  test. 

Subjects :  102  male  college  students. 

Apparatus:  Phillip  Morris,  Camel,  Lucky  Strike,  and  Chesterfield 
cigarettes. 

Method:  The  subject  was  presented  with  an  unnamed  cigarette  and 
requested  to  follow  the  procedure  outlined  in  the  Phillip  Morris  in¬ 
structions.  He  was  then  given  a  second  unidentified  cigarette  and  asked 
to  repeat  the  procedure  and  then  to  estimate  which  one  gave  him  the 
most  definite  nasal  sensation.  51  subjects  were  tried  with  the  Philip 
Morris  presented  first  and  the  other  3  brands  second.  Each  subject  com¬ 
pared  only  2  cigarettes  -  the  Philip  Morris  and  another  pre-determined 
by  the  experimenter.  The  same  number  of  subjects  compared  these 
combinations  in  reverse  order  making  a  total  of  102  comparisons. 
Results:  Where  Philip  Morris  was  always  presented  first  it  was  reported 
“milder”  74%  of  the  time.  When  the  order  was  reversed,  that  is,  with 
Philip  Morris  always  the  second  cigarette  presented,  it  was  reported 
“milder”  44%  of  the  time. 

These  data  would  seem  to  indicate  that  the  order  of  presentation  of 
stimuli  of  this  type  is  an  important  variable  in  accounting  for  the 
reactions  of  a  given  individual. 

15.  The  Interdependence  of  Psychophysical  Judgments  of  Auditory 
Differential  Intensities. 

Williard  F.  Day;  University  of  Virginia.  (Presented  by  title.) 
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16.  Preliminary  Investigation  of  the  Conditions  Determining  the  Effi¬ 
ciency  of  Multiple  Task  Performance. 

Alec  J.  Slivinske;  University  of  Virginia.  (Presented  by  title.) 

17.  Equivalence  of  Response  Criteria  for  the  Evaluation  of  Communi¬ 
cation  Systems. 

Howard  Reuben;  University  of  Virginia.  (Presented  by  title.) 

18.  Transfer  of  Response  of  Discriminating  as  Measured  by  Habit 
Reversal. 

William  H.  Morse;  University  of  Virginia.  (Presented  by  title.) 

19.  Stereotyping  of  Negroes  and  Whites:  an  Analysis  of  Magazine 
Pictures. 

Nancy  King  and  Barbara  Griffith;  Randolph-Macon  Woman’s 
College.  (Presented  by  title.) 

20.  New  Perspective  on  Diagnosis. 

Arthur  J.  Bachrach;  University  of  Virginia.  (Presented  by  title.) 

21.  The  Case  of  the  Obliging  Diagnosis. 

John  T.  Payne;  Morganton  State  Hospital,  North  Carolina.  (Pre¬ 
sented  by  title.) 
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Minutes  of  the  Section  of  Science  Teachers  [11] 

W.  I.  Nickels,  Jrv  Chairman 
Susie  V.  Floyd,  Chairman-Elect 
Martha  W.  Duke,  Secretary 
L.  W.  Jarman,  Section  Editor  (1954) 

FRIDAY,  MAY  11,  1951  —  9:30  A.  M.  —  ROOM  13,  MAIN 

BUILDING 

Announcements 

Due  to  the  unavoidable  absence  of  the  chairman,  W.  I.  Nickels,  Jr., 
John  E.  Reitz  of  Lane  High  School  asked  the  chairman-elect,  Miss 
Susie  V.  Floyd,  to  preside  at  the  morning  session.  It  was  voted  unani¬ 
mously  that  our  section  in  1952  be  held  from  9  a.m.  to  12  noon  so  that 
members  could  attend  the  afternoon  lectures  in  their  chosen  field  of 
work.  The  following  papers  were  presented: 

1.  The  Place  of  Geology  in  the  High  School. 

R.  S.  Edmundson;  University  of  Virginia  and  John  D.  Tomlinson; 

Lane  High  School,  Charlottesville. 

General  Geology  may  be  introduced  from  the  historical  point  of 
view  by  noting  a  few  of  the  great  students  of  earth  science  and  their 
important  contributions.  As  interest  in  the  science  grows  the  student 
should  realize  that  modern  geology  has  as  its  aim  the  interpretation 
of  the  history  of  the  earth,  the  compilation  of  data  and  the  discovery 
of  new  rock  and  mineral  resources,  and  the  application  of  certain 
geologic  principles  to  engineering  projects.  Such  a  program  makes  it 
necessary  to  take  the  major  science,  geology,  and  divide  it  into  a  number 
of  branches.  Closely  related  to  geology  are  the  other  natural  sciences 
of  astronomy,  biology,  chemistry,  and  physics. 

A  few  concepts  which  a  student  should  develop  as  a  result  of  an 
introductory  course  in  earth  science  include  the  importance  of  geologic 
change  and  time,  conservation  of  natural  resources,  and  the  role  of 
natural  laws.  These  concepts  present  certain  questions  which  cannot 
be  answered  at  the  present  time,  but  should  direct  the  student’s  attention 
to  the  vast  field  awaiting  further  investigation. 

Field  trips  planned  for  the  purpose  of  collecting  rocks,  minerals,  and 
fossils  probably  would  be  the  highlight  of  any  introductory  course  in 
geology.  This  laboratory  work  would  arouse  a  competitative  spirit  to 
excel,  not  only  in  the  number  of  specimens,  but  also  in  the  quality  of  the 
material.  Outdoor  work  should  also  impress  upon  the  student  that  the 
varied  land  forms  or  scenery  are  not  catastrophic  but,  with  few  excep¬ 
tions,  a  slow  process  of  sculpturing  by  some  natural  agency  as  wind  and 
water. 

It  is  somewhat  premature  to  say  that  geology  is  going  to  be  a 
dynamic  course  for  the  secondary  school,  for  only  time  and  experience 
can  bring  this  about,  but  we  do  feel  that  it  can  play  an  important  part 
in  the  curriculum  of  many  schools.  One  advantage  of  geology  is  that 
it  requires  only  a  small  investment  for  materials  and  equipment.  As 
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a  result,  it  may  find  an  important  place  in  small  schools  where  chemistry 
and  physics  are  not  taught,  offering  the  same  opportunities  for  teaching 
scientific  thinking,  with  a  minimum  capital  outlay. 

Basically  our  work  for  the  year  has  been  devoted  to  studying  the 
major  topics  of  the  text  and  working  the  laboratory  units  that  correspond 
to  these  topics:  “Rocks  and  Minerals”,  “Erosion”,  “Plains”,  “Plateaus”, 
“Volcanoes”,  “Weathering”,  “Glaciers”,  “Theories  of  the  Origin  of  the 
Earth”,  “Maps”,  and  “The  Earth  in  Space”.  In  only  rare  cases  has  our 
work  overlapped  in  any  way  with  the  other  sciences  and  only  once 
have  we  eliminated  materials  because  they  were  covered  by  General 
Science. 

Geology  is  not  only  a  neglected  science  in  high  school,  but  also  a 
science  of  our  environment  that  is  not  being  given  adequate  recognition 
in  any  of  our  science  courses. 

2.  The  Study  of  Surface  Chemistry  with  the  Aid  of  Large  Metal 

Crystals. 

Allan  T.  Gwathmey;  University  of  Virginia. 

Tribute  was  paid  to  the  late  John  Peyton  McGuire  of  Richmond 
for  his  inspiring  work  as  a  teacher  in  furthering  the  scientific  interests 
of  young  students. 

At  the  University  of  Virginia  a  method  of  study  has  been  developed 
which  consists  in  growing  or  preparing  individual  large  metal  crystals, 
so  large  that  you  can  identify  the  crystal  faces  just  as  you  can  see  the 
faces  on  a  large  diamond. 

It  has  been  demonstrated  that  the  properties  vary  tremendously  with 
the  crystal  face  exposed  at  the  surface.  About  twelve  processes  have 
been  studied  on  a  dozen  metals. 

FRIDAY,  MAY  11,  1951  —  2  P.  M.,  ROOM  13  —  MAIN  BUILDING 

3.  The  Electron  Theory  in  Balancing  Chemical  Equations. 

Mary  E.  Kapp  and  Esther  Shreve  Ruffin;  Richmond  Professional 
Institute  and  St.  Catherine’s  School,  Richmond. 

The  high  school  chemistry  student  often  has  difficulty  in  understand¬ 
ing  the  mechanism  of  oxidation-reduction  in  balancing  chemical  equa¬ 
tions.  If  the  structure  of  the  atom  is  explained  emphasizing  the  role 
of  the  electrons  in  the  outer  orbit,  the  concept  becomes  obvious  in  light 
of  certain  definitions.  Simple  redox  equations  are  more  easily  balanced 
by  inspection,  but  complicated  types  become  fun  if  certain  mechanical 
rules  are  followed:  (1)  the  sum  of  the  oxidation  numbers  (valence)  of  all 
atoms  in  the  formula  is  zero;  (2)  the  oxidation  number  of  any  element 
in  the  free  state  is  zero;  (3)  the  oxidation  number  of  an  ion  is  the  same 
as  its  charge;  (4)  gain  and  loss  of  electrons  must  be  equivalent.  Oxi¬ 
dation-reduction  as  an  entity  naturally  accompanies  the  study  of  the 
halogens,  but  continuity  follows  throughout  the  remainder  of  the  course. 
High  school  students  should  have  a  knowledge  of  the  concept  as  prepar¬ 
ation  for  comprehensives  and  college  board  examinations. 


Proceedings  1950-1951 


375 


Minutes  of  the  Section  of  Statistics  [12] 

Charles  M.  Mottley,  Chairman 

L.  Weiss,  Vice-Chairman 

M.  E.  Terry,  Secretary 
Walter  A.  Hendricks,  Section  Editor  (1954) 

FRIDAY,  MAY  11,  1951  —  9:30  A.  M.  —  ROOM  22,  MAIN 

BUILDING 

1.  A  Latin  Square  Grazing  Plan  for  Dairy  Cattle. 

N.  R.  Thompson  and  M.  E.  Terry;  Virginia  Agricultural  Experi¬ 
ment  Station,  Blacksburg. 

Three  pasture  mixtures,  Ladino  clover-orchard  grass,  alfalfa- 
orchard  grass,  and  Ladino  clover-Kentucky  31  fescue,  were  grown  in 
each  of  4  blocks.  Each  block  contained  one  replicate  of  each  mixture, 
randomly  located  within  the  block.  Three  groups  of  milking  cows  were 
used,  these  being  alloted  randomly  to  groups  from  trios  of  cows  of 
similar  age,  size,  stage  of  lactation,  etc.  Each  group  grazed  all  four 
replicates  of  one  mixture,  then  was  shifted  to  another,  then  to  the  third. 
Thus  at  the  end  of  12  grazing  periods  each  group  had  grazed  each 
replicate  of  each  mixture. 

This  plan  allows  certain  sources  of  variation  to  be  separated  from 
the  random  error.  These  sources  include  group  differences  among  grazing 
animals,  soil  gradients  and  other  sources  of  variation  between  replicates, 
and  seasonal  trends.  The  reduction  in  size  of  error  term,  in  turn,  improves 
the  testing  of  treatment  effects  for  significance  of  differences. 

2.  Some  Sequential  Fish  Tagging  Models. 

E.  L.  Cox;  Institute  of  Statistics,  Raleigh,  N.  C. 

An  estimate  of  the  number  of  individuals  in  a  biological  population 
is  frequently  desired  by  the  research  worker.  A  number  of  designs  for 
tagging  experiments  have  been  considered  for  this  purpose.  Frequently 
the  only  program  that  is  feasible  is  to  start  with  an  untouched  population 
and  replace  each  sample  after  marking.  The  order  and  frequency  of 
recurrence  of  tagged  individuals  in  later  samples  gives  some  information 
on  the  original  magnitude  of  the  population. 

Some  theory  of  stochastic  processes  has  been  applied  to  this  problem 
and  the  nature  of  the  probability  models  worked  out.  Certain  point  and 
interval  estimates  have  been  made  for  specific  problems,  principally 
those  dealing  with  fish  and  mice  populations.  The  advantage  over  the 
assumption  of  Poisson  distribution  is  doubtful  for  the  large  population- 
small  sample  case. 

3.  Inadvertent  Mixing  of  Samples. 

L.  Weiss;  University  of  Virginia. 

Suppose  two  samples  are  independently  drawn  from  two  different 
infinite  populations:  one  sample  Ni  from  a  population  with  probability 
density  function  f  (x),  the  other  sample  of  size  N— Ni  from  a  population 
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f  (Xi)  •  f  (X2)  •  •  •  f (x  )-g(x  ) 

Na  Nx  1 


with  density  function  g(x).  Then  all  N  observations  are  thrown  into 
a  random  order  so  that  we  no  longer  know  which  observations  came 
from  which  population.  The  joint  distribution  of  the  randomly  ordered 

IN  ^ 

elements  xi,  x2,  .  .  .  ,  xN  is  the  sum  of  I  f  terms  of  the  type 

g  (Xk) y/  (l) 

and  x1?  x2,  .  .  .  ,  Xn  are  not  independently  distributed  in  general.  We 
might  have  various  combinations  of  information:  a  knowledge  of  Ni  and 
f(x)  but  not  g(x).  or  of  f(x)  and  g(x)  and  not  Ni,  etc.  To  take  two 
particular  cases,  if  it  is  known  that  g(x)  f  (x— 5)  and  S  and  Ni  are  known, 

t 

then  an  estimate  of  I  f(x)dx  for  any  t  is  given.  If  f(x)  and  N  are 
_oo*; 

t 

known,  a  confidence  band  for  I  g(x)dx  is  given. 

-00*^ 

4.  An  Application  of  the  Percent  Effect  Curve  to  the  Sub-acute 

Toxicity  Studies  of  Hydrazine  on  Rats  (Presented  by  title.) 

I.  A.  DeArmon ;  Army  Chemical  Center,  Maryland. 

5.  An  Experiment  in  Grouping  Data. 

Alonzo  M.  Myster;  Virginia  State  College. 

This  paper  presents  some  results  of  an  experiment  in  which  data 
were  grouped  or  rounded.  They  seem  to  indicate  that  certain  rules-of-the- 
thumb  found  in  textbooks  are  not  applicable  in  a  large  percentage  of 
the  cases  in  dealing  with  data  representing  performances  on  certain 
educational  tests. 

Evidence  that  the  errors  in  the  mean  resulting  from  grouping  are 
not  too  serious  even  when  the  number  of  intervals  is  small,  when  com¬ 
pared  with  the  sampling  error  of  the  mean  and  viewed  in  light  of  the 
accuracy  with  which  these  variates  may  be  measured. 

The  mid-point  assumption  was  investigated,  and  wide  variations 
in  the  closeness  of  agreement  between  the  average  of  values  within  an 
interval  and  its  class  mark  were  found  from  one  position  to  another. 

Empirical  evidence  suggest  the  possibility  of  deriving  objective 
criteria  to  be  used  as  a  guide  in  realizing  more  fully  the  ideal  conditions 
which  rules  generally  presented  in  elementary  texts  of  statistical 
methods  are  designed  to  achieve. 

6.  Quality  Control  in  the  Wood  Industry. 

Raymond  C.  Rhodes;  Virginia  Polytechnic  Institute. 

Investigations  were  conducted  of  the  statistical  aspects  of  basic  re¬ 
search,  engineering  development,  and  economic  problems  pertinent  to 
The  Lane  Company,  Altavista,  Virginia,  cedar  chest  manufacturer. 

Estimations  were  made  of  the  quality  level  and  variability  of  various 
manufacturing  operations,  e.g.,  the  veneer  slicer,  gang  saws,  hot  plate 
press,  planers,  sanders,  top  panel  inspection,  and  finish  inspection.  Sta- 
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tistical  quality  control  procedures  were  established  at  points  in  the 
processes  most  feasible  for  and  responsive  to  their  application. 

7.  Sequential  Methods  in  Subjective  Tests. 

G.  Lombardi;  Virginia  Polytechnic  Institute. 

The  methods  of  sequential  analysis  were  applied  to  the  selection  of 
judges  to  be  used  in  taste-testing  experiments,  by  adapting  Wald’s 
sequential  sampling  plan  for  the  binomial  distribution.  A  sequential  plan 
for  testing  the  mean  of  the  binomial  distribution  was  also  derived,  based 
on  the  method  of  Roa  for  the  sequential  testing  of  the  mean  of  the  normal 
distribution  given  in  Sankaya  (1950). 

8.  Latinized  Rectangular  Lattice  Designs. 

B.  Harshbarger ;  Virginia  Polytechnic  Institute. 

The  Near  Balance  Rectangular  Lattice  for  k(k—  1)  varieties  is  ex¬ 
tended  to  incorporate  an  additional  classification  making  three  in  all. 
This  is  accomplished  by  systematically  selecting  k  sets  of  k  incomplete 
blocks,  each  of  which  comes  from  separate  replications  in  such  a  way 
that  any  one  set  includes  all  the  varieties.  The  design  has  been  developed 
both  with  and  without  recovery  of  inter-block  information.  Standard 
errors  for  the  variables  and  adjustment  for  the  varieties  are  given. 

Analysis  of  Variance 


Source  of  Degrees  of 

Variation  Freedom 


Sum  of  Squares 


Columns 


k— 1 

(replications) 


2R2 

h  G2 

k~(k^TT  ”  k2(k-l) 


Rows  k— 1 

Interaction  ( k—  1 ) 2 


2  (Bii-f-B2i+  •  •  •  Bhi)2 
k  (k^T  j 


1 

k2(k-2) 


22  (kBhi — Thi)2  - 


G2 

k^Tk—l) 


Rows  and 
Columns 


Varieties  k(k— 1)— 1 
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Error 

(intra-block) 


(k— 1)  (k2— 2k— 1) 


k2  (Bn-}-B2i-|-  •  •  •  -j-Bhi ) 2  — 
k  (Ri2+R22-1 - +Rk2)  +  2G2 
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9.  A  Significance  Test  for  Differences  among  Ranked  Treatments  in 

an  Analysis  of  Variance. 

D.  B.  Duncan,  Virginia  Polytechnic  Institute. 

Given  a  set  of  n  treatment  means,  Xi,  .  .  .  .  ,  xn,  it  is  often  desired  to 
decide  whether  each  of  the  differences  xj  —  xi  is  significant,  that  is, 
whether  each  of  the  hypotheses  H:  ^>^1,  i,  j  =  1,  2,  .  .  .  .  ,  n,  i  =  j, 
can  be  accepted.  A  test  is  obtained  for  this  purpose  under  the  conditions 
which  usually  apply  or  are  taken  to  apply  in  many  analyses  of  variance, 
namely  that  Xi,  .  .  .  .  ,  xn  is  a  random  sample  from  n  normal  populations 
with  means  /*i,  .  •  .  .  ,  Un  respectively,  and  a  common  unknown  variance 
a2,  for  which  the  usual  form  of  independent  estimate,  s2  based  on  n2 
degrees  of  freedom,  is  available.  This  is  termed  the  Multiple  Comparison 
Test. 

A  complete  Wald  multiple  decision  function  analysis  of  the  test 
forms  a  separate  topic  in  itself  and  is  presented  in  a  common  paper 
entitled  “On  the  Properties  of  the  Multiple  Comparison  Test.”  It  is  shown 
that  under  general  circumstances  the  test  has  an  average  weighted 
risk  very  close  to  a  minimum.  A  shorter  parallel  discussion  which  is  less 
mathematical  and  relies  more  on  intuition  is  presented  in  this  paper. 

A  set  of  steps  with  examples  is  given  for  applying  the  test.  These 
consist  of  a  fairly  simple  sequence  of  range-like  tests  followed  by  vari¬ 
ance  tests. 

10.  Theory  of  Regression  for  a  Binomially  Distributed  Variate. 

Glenn  W.  Suter;  Virginia  Polytechnic  Institute  and  Crop  Report¬ 
ing  Service,  Richmond. 

The  purpose  of  the  investigation  in  this  paper  was  to  extend  the 
theory  of  regression  to  include  the  case  where  the  dependent  variable 
was  binomially  distributed. 

A  necessary  set  of  assumptions  for  the  solution  of  this  problem  was 
stated  and  the  unbiased  estimates  with  minimum  variance  of  the  parame¬ 
ters  were  shown  to  be 

n  r 

bi  =  S  2  wac* i jXjaya;  i  =  1,2,  .  .  .  ,  r. 

a=l  j=l 

where  c*ij  is  an  element  of  a  weighted  matrix.  The  distribution  of  the 
variable  bi  is  asymptotically  normal  with  mean 

n  r 

j3i  =  S  2  WaC*i jXjapa 

a=l  j  — 1 

and  variance 

n  r 

<r2bi  —  S  (  2  WaC*ijXja)2paqa 

a=l  j  =  1 

and  the  estimate  of  the  variance  and  covariance  are 

S2bi  =  c*n,  and  Sbibj  =  <rbibj  =  c*u,  respectively. 

Tests  have  been  proposed  for  various  hypotheses  about  the  jS’s 
corresponding  to  any  specific  probability  level  has  been  shown. 

A  numerical  example  was  given  to  illustrate  the  theory  developed 
in  this  paper.  It  was  desired  to  predict  the  yield  of  corn  for  an  individual 
farm  as  above  or  below  average  on  the  basis  of  knowledge  of  the  farmer’s 
individual  farming  practices. 
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11.  Rank  Analysis  of  Incomplete  Block  Designs. 

R.  A.  Bradley  and  M.  E.  Terry;  Virginia  Polytechnic  Institute. 

True  preference  or  ratings,  jpi,  .  .  .  ,  pt  are  assumed  to  exist  for  t 
treatments  in  balanced  incomplete  blocks  of  two,  2pi  =  1.  When  treat¬ 
ments  i  and  j  appear  together,  the  probability  that  i  is  “better”  than 
j  is  taken  to  be  Pi/CPi+Pj). 

The  likelihood  ratio  test  criterion  is  used  to  test  the  hypothesis  that 
Pi  =  1/t  for  all  i  against  the  alternative  (i)  that  the  p’s  are  not  all  equal 
and  (ii)  that  two  exhaustive  groups  of  treatments  have  equal  ratings 
but  the  groups  themselves  differ.  Alternative  hypotheses  that  involve 
a  subset  of  treatments  produce  tests  dependent  on  nuisance  parameters. 
The  likelihood  ratio  criterion  produces  tests  which  differ  considerably 
from  Kendall’s  coefficient  of  agreement  for  paired  comparisons.  Tables 
and  exact  distributions  are  in  preparation.  The  extension  and  generali¬ 
zation  of  the  theory  to  blocks  of  more  than  two  will  be  presented  sub¬ 
sequently. 

12.  Systematic  Military  Programming. 

M.  A.  Geisler;  TJ.S.A.F.,  Washington ,  D.  C. 

The  Air  Force  is  a  very  large  “business”,  and  it  is  essential  that  the 
different  parts  of  the  Air  Force  be  in  proper  relation  to  one  another.  It 
is  also  in  a  constant  state  of  flux  and  change  and  it  is  essential  that  the 
resultant  changes  be  reflected  rapidly  and  accurately  in  all  the  related 
Air  Force  activities. 

The  purpose  of  our  project,  which  is  known  as  Project  Scoop,  is 
to  develop  principles,  techniques,  data  and  computing  equipment  which 
will  facilitate  the  determination  of  Air  Force  programs. 

An  Air  Force  program  is  a  quantitative  statement  of  the  workload, 
such  as  the  pilot  training  rate,  aviation  fuel  procurement  rate,  or  engine 
overhaul  rate,  to  be  carried  out  by  the  different  sectors  of  the  Air  Force 
in  order  that  the  overall  objectives  of  the  Air  Force  can  be  obtained. 

The  mathematical  determinations  of  Air  Force  programs  have  been 
expressed  as  the  simultaneous  solution  of  large  numbers  of  linear  (and 
occasionally  non-linear)  dynamic  equations. 

The  emphasis  will  be  on  the  statistical  elements  of  this  project, 
which  is  primarily  concerned  with  the  development  of  the  coefficients 
which  define  the  above-described  linear  equations. 

13.  Scoring  of  Bombing  Accuracy. 

Walter  L.  Deemey,  Jr.;  USAF. 

Most  samples  of  bombing  errors,  obtained  from  independently 
aimed  bombs,  contain  a  number  of  errors  which  are  extremely  large, 
and  appear  to  be  caused  by  some  factor  in  addition  to  the  random  errors 
affecting  the  other  drops. 

If  it  is  assumed  that  the  range  and  deflection  components  of  the 
random  errors  have  a  bivariate  normal  distribution  with  expected  values 
at  the  aiming  point,  with  zero  correlation  and  equal  variances,  the  practi¬ 
cal  problem  of  scoring  the  accuracy  consists  in  estimating  the  common 
variance. 

A  method  of  estimating  this  variance  is  given  for  the  case  when 
the  non-random  effect  is  due  to  the  bombardier  aiming  at  some  point 
other  than  the  target. 

The  method  consists  of  truncating  the  sample  and  then  estimating 
the  variance  from  the  truncated  portion  by  maximum  likelihood. 
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14.  Single  Link  Designs. 

J.  Youden;  Bureau  of  Standards ,  Washington ,  D.  C. 

Available  balanced  incomplete  block  designs  require  several  repli¬ 
cations.  This  is  not  a  serious  objection  in  field  trials  because  the  large 
standard  error  in  such  work  often  makes  it  desirable  to  have  a  fair 
number  of  replications.  The  various  lattice  arrangements  that  are  avail¬ 
able  reduce  the  number  of  replications  at  the  price  of  losing  symmetry 
and  introducing  a  considerable  complexity  in  the  analysis  of  the  data. 
Physical  and  chemical  measurements  are  comparatively  high  in  pre¬ 
cision  and  are  commonly  made  in  duplicate  or  triplicate.  A  series  of 
designs  has  been  constructed  which  possesses  symmetry,  ease  of  analysis, 
reasonable  block  size,  and  a  small  number  of  replications. 

15.  Ear  Corn  Damage  Project  Conducted  at  Churchland^  Virginia. 

W.  L.  James;  Division  of  Markets,  Harrisonburg  and  M.  E. 

Terry;  Virginia  Polytechnic  Institute. 

Until  the  present  time  there  had  been  no  great  need  for  sampling 
and  inspecting  ear  corn.  But  now,  with  the  addition  of  an  ear  corn  dryer 
and  a  change  in  the  marketing  methods,  it  is  necessary  for  corn  to  be 
sampled  and  inspected  while  still  in  the  ear  form. 

The  procedure  that  was  used  to  try  to  find  a  usable  sampling  method 
of  ear  corn  is  as  follows: 

From  each  lot  of  corn  being  sold  at  a  certain  storage  five  different 
samples  were  taken.  These  consisted  of  (1)  a  six-ear  sample  taken  at 
random  from  the  load,  (2)  a  1-bushel  ear  sample,  (3)  a  1-bushel  ear 
sample,  (4)  a  2-bushel  ear  sample,  and  (5)  a  sample  from  the  entire 
lot  after  the  load  had  been  shelled.  The  1 -bushel  samples  and  the 
2-bushel  sample  were  taken  throughout  the  load.  The  ear  samples  were 
shelled  and  then,  with  the  sample  taken  from  the  entire  shelled  lot, 
were  analyzed  for  the  factors  affecting  the  quality  or  grade.  The  two 
1-bushel  samples  and  the  2-bushel  sample  were  combined,  which  gave 
an  analysis  for  a  4-bushel  sample.  These  factors  were  moisture,  test 
weight  and  damage,  damage  being  the  one  in  which  we  are  most  inter¬ 
ested. 

The  data  showed  the  4-bushel  sample  to  be  closer  to  the  results  of 
the  check  sample. 
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Geldard,  Dr.  Frank  A.,  10  . 1900  Edgewood  Lane,  Charlottesville 

Gemmill,  Chalmers  L.,  9  . Dept,  of  Pharmacology,  Univ.  of  Va., 

Charlottesville 

Genter,  Dr.  C.  F.,  6,  4  . . . . . . Blacksburg 

German,  Dr.  Leslie,  5  . 303  Letcher  Avenue,  Lexington 

Gibson,  Prof.  Theodore  W.,  2  . Box  55,  Salem 

Gildea,  Prof.  R.  E.  L.,  7  . Cobham 

Gildersleeve,  Benjamin,  8  . 520  Fairmont  Blvd.,  Knoxville,  Tenn. 

Gill,  Helen,  5 . 13  Lexington  Road,  Richmond 

Gillespie,  Dr.  J.  S.,  Jr.,  5  ....Box  293,  University  of  Richmond,  Richmond 

Gilliam,  Truett  B.,  10  . U.  of  Va.  Hospital,  Charlottesville 

Gills,  Anne  4,  9  . Box  296  RMWC,  Lynchburg 

Gilmer,  Prof.  Thomas  E.,  2  . Hampden-Sydney 

Gilreath,  Dr.  E.  S.,  5  . . P.  O.  Box  507,  Lexington 

Gish,  Peyton  T.,  1  . R.F.D.  3,  Staunton 

Gladding,  Randolph  N.,  5  ....Amer.  Tobacco  Research  Lab.,  400  Peters¬ 
burg  Pike,  Richmond 
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Gladding,  Mrs.  Walter,  5,  9  . 925  West  Grace  Street,  Richmond 

***  Goethe,  C.  M.,  4  ....720  Capital  National  Bank  Bldg.,  Sacramento,  Calif. 

Gonshery,  Leon,  3  . 7206  Flower  Avenue,  Takoma  Park,  Maryland 

Gordon,  Dr.  K.  M.,  5 . College  of  William  and  Mary,  Williamsburg 

Gourley,  Dr.  D.  R.  H.,  9 . University  of  Virginia  Medical  School, 

Charlottesville 

Grable,  Prof.  E.  Sherman,  2  . 2009  Foxcroft  Road,  Richmond  21 

Graham,  R.  Claude,  6 . State  Board  of  Education,  Richmond 

Grant,  W.  F.,  4  . Blandy  Experimental  Farm,  Charlottesville 

Gray,  Walter  C.,  7  . Box  439,  Blacksburg 

Graybeal,  Prof.  H.  C.,  6 . Box  1204  Radford  College,  Radford 

Grayson,  Dr.  James  McD.,  4 . . . Blacksburg 

Gregory,  Charles  A.  Jr.,  2  . 2  River  Road,  Richmond  21 

Grille,  George  A.,  Jr.,  5,  4  . Purcelleville 

Gross,  W.  B.,  9  . University  Club,  Blacksburg 

Groves,  A.  B.,  1,  4,  5,  3  . . 1415  Greystone  Terrace,  Winchester 

Guerry,  Dr.  DuPont,  III  . 503  Professional  Building,  Richmond  19 

Guthridge,  Joe  W.,  2  . . . University  Club,  Blacksburg 

Gutsell,  Dr.  James  S.,  . Kearneysville 

fGuy,  Dr.  William  G.,  5 . Box  1274,  Williamsburg 

*Gwathmey,  Dr.  Allan  T.,  5 . Cobb  Chemical  Laboratory,  University 

fHAAG,  Dr.  H.  B.,  9  . Medical  College  of  Virginia,  Richmond 

Hackman,  Mrs.  Ruth  A.,  4,  5,  9  ....68  Jackson,  Monroe  Terrace,  Radford 

Hackney,  R.  P.,  5  . 4500  Hanover  Avenue,  Richmond  21 

Hagquist,  Dr.  Carl  W.,  4  . Box  1,  University  of  Richmond,  Richmond 

Hague,  Dr.  Florence  S„,  4  . Sweet  Briar 

Hancock,  Dr.  Gordon  B.,  10 . Virginia  Union  University,  Richmond 

*Handy,  E.S.C.,  . , . P.  O.  Box  57,  Oakton 

**Hanmer,  H.  Rupert,  5  . 400  Petersburg  Turnpike,  Richmond  24 

Hansen,  E.  M.,  1  . 910  Raleigh  Bldg.,  Raleigh,  North  Caroline 

Hansen,  Mrs.  Lubow  M.,  3,  4  . 7011  Fordham  Court,  College  Park, 

Maryland 

Hansen,  Dr.  P.  Arne,  3,  4  ....Dept,  of  Bact.,  Univ.  of  Md.,  College  Park, 

Maryland 

fHarlan,  Dr.  William  R.,  5  . 329  Greenway  Lane,  Richmond 

fHarlow,  E.  S.,  5,  7  . Box  4178,  Richmond 

Harrell,  Miss  Ruth  Flinn,  10  . 1321  Cornwell  Place,  Norfolk 

Harris,  H.  Hiter . P.  O.  Box  6-R,  Richmond 

Harris,  Dr.  Isabel,  2  . 6411  Three  Chopt  Road,  Richmond 

Harrison,  Dr.  Guy  R.,  9  . Professional  Building,  Richmond 

Harrison,  C.  James  III,  6  . . . . . R.F.D.  1,  Stuart’s  Draft 

Harshbarger,  Dr.  Boyd,  12  . Dept,  of  Statistics,  V.  P.  I.,  Blacksburg 

Hastings,  Nelson,  9  . ....Mass, 

Heatwole,  Mrs.  B.  G.,  11,  2  . 1411  Churchville  Avenue,  Staunton 

Heflin,  Col.  S.  M.,  2  . 508  Highland  Road,  Lexington 

Hegre,  Erling  S.,  4 . Medical  College  of  Virginia,  Richmond 

Hegwood,  Miss  Muriel,  4  . 36  Handy  Street,  New  Brunswick,  N.  J. 

Heisey,  Dr.  Lowell  V.,  5,  3  . Bridgewater  College,  Bridgewater 

*Hellebrandt,  Dr.  F.  A.,  9  . 4318  Stonewall  Avenue,  Richmond  24 

Henderson,  Prof.  Lena  B.,  4  . 219  Norfolk  Avenue,  Lynchburg 

Henderson,  R.  G.,  1,  4  . Agricultural  Experiment  Sta.,  Blacksburg 

Hendricks,  Walter  A.,  12  . 6901  Arlington  Road,  Bethesda,  Maryland 

Henneman,  Dr.  Richard  H.,  10 . Psychology  Laboratory,  University 

Hereford,  Dr.  Frank  L.,  2  ....Rouss  Physical  Laboratory,  Charlottesville 

Hesch,  Prof.  Elizabeth  Beaman,  2  . Radford  College,  Radford 

Hicks,  Mrs.  A.  B.,  5,  11  . 812  Lexington  Street,  Norfolk  4 

Higgins,  Lucy  S.,  5  . 4028  Fauquier  Ave.,  Richmond 

Hill,  Betsy  M.,  3  . . 1119  West  Grace  Street,  Richmond  20 
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Hill,  C.  H.,  4  . 447  North  Braddock  St.,  Winchester 

Hillsman,  O.  L.,  5  . 5814  Crestwood  Avenue,  Richmond  26 

Hinton,  Dr.  William,  10  . .....15  Jordan  Street,  Lexington 

Hoagland,  A.  D.,  8  . Austinville 

Hobbs,  Prof.  Horton  H.,  Jr.,  4  . 517  Rugby  Road,  Charlottesville 

Hocutt,  John  E.,  5  . College  Apartments,  Williamsburg 

fHodges,  Dr.  Fred  M.,  9  . 1000  West  Franklin  Street,  Richmond 

Hodgkin,  Dr.  W.  N.,  9  . Warrenton 

Hoff,  E.  C.,  9,  4,  10  . MCV  Station,  Richmond  19 

Hoge,  Dr.  Randolph  H.,  9  . 1200  East  Broad  Street,  Richmond 

Holdaway,  Prof.  C.  W.,  1  . Box  85,  Blacksburg 

*  Hollins  College  . Hollins 

Holloway,  Henry  Lee,  Jr.,  4  . 6808  Portsmouth  Avenue,  Richmond 

tHolmes,  Dr.  B.  T.,  9  . Ky.  State  College,  Frankfort,  Ky. 

Holmes,  Dr.  C.  E.,  1,  4  . Box  649,  Blacksburg 

Holmes,  Dr.  E.  M.,  Jr.,  9  . City  Hall  Annex,  Richmond 

Holt,  Perry  C.,  4 . East  Tennessee  State  College,  Johnson  City,  Tenn. 

Hook,  Paul  G.  6  . Box  223  Clifton  Forge 

Horlick,  Dr.  Reuben  S.,  10  . 2507  Lee  Boulevard,  Arlington 

Horowitz,  Allen  S.,  8  . 2440  Winchester  Avenue,  Ashland,  Kentucky 

Horsfall,  Dr.  Frank,  Jr.,  1  . 606  Preston  Avenue,  Blacksburg 

*Horsley,  Dr.  Guy  W.,  9  . . 617  Grace  Street,  Richmond 

Hostetter,  Prof.  D.  Ralph,  4,  8 . Eastern  Mennonite  School, 

Harrisonburg 

Houchins,  Miss  E.  Steele,  10,  2  . State  Board  of  Education,  Richmond 

Hough,  Dr.  W.  S.,  4,  1,  8  . 523  Fairmont  Avenue,  Winchester 

Houtz,  Miss  Sara  Jane,  9 . ....Medical  College  of  Virginia,  Richmond 

Howard,  Miss  Marianna  V.,  4,  5 . 310  Church  Street,  Martinsville 

Hoxton,  L.  G.,  2 . Rouss  Physical  Lab.,  Univ.  Station,  Charlottesville 

Hsieh,  G.  J . . . Box  813,  Blacksburg 

Hubbard,  Robert  M.,  7,  5 . Box  1881  Univ.  Station,  Charlottesville 

Hubricht,  Leslie,  4 . 912  Main  Street,  Danville 

tHudson,  Dr.  C.  A.,  3,  9  . 112  S.  Columbus,  Alexandria 

Hudson,  M.  W.,  1  . 3007  Napoleon  Street,  Richmond 

Huf,  Dr.  Ernst  G.,  9  . MCV  Station,  Richmond  19 

Hughes,  Dr.  Roscoe  D.,  4,  9  . Medical  College  of  Virginia,  Richmond 

*  Humphreys,  Dr.  Mary  E.,  4  ..Box  127,  Mary  Baldwin  College,  Staunton 
Humphreys,  Miss  M.  Gweneth,  2  ..Randolph-Macon  W.  C.,  Lynchburg 

Hunt,  Harvey  L.,  5,  7,  1  . 1411  North  Shore  Drive,  Norfolk 

Hunter,  Dr.  M.E.V.,  6  . Virginia  State  College,  Petersburg 

Hurd,  Dr.  A.  W.,  10,  6,  3 . . . Medical  College  of  Virginia,  Richmond 

Hurley,  John  F.,  10  . . Lynchburg  State  Colony,  Colony 

Hussey,  Dr.  R.  E . . . . . . . Blacksburg 

Husted,  Dr.  Ladley,  4  . Miller  School  of  Biology,  University 

IGGERS,  Lena  Ruth,  4 . 1010  E.  59th  St.  Chicago  37,  Ill. 

litis,  Dr.  Hugo,  4  . 818  Marye  Street,  Fredericksburg 

Imus,  Dr.  Henry  A.,  10  . 907  Crescent  Drive,  Alexandria 

Inge,  Dr.  Frederick  4.,  4 . Hampton  Institute,  Hampton 

Ingles,  Andrew  L.,  4  . 1006  Third  Street,  West,  Radford 

Insley,  Dr.  E.  G.,  5  . 405  Amelia  Street,  Fredericksburg 

Ireland,  Carroll  F.,  5  . 101  Oronoco  Street,  Apt.  6,  Richmond 


JACKSON,  Eugene  L.,  4,  5,  9  . 1322  West  Broad  Street,  Richmond 

Jackson,  George  A.,  1  . Southern  States  Cooperative, 

Box  1656,  Richmond 

f  Jackson,  Dr.  H.  W.,  4  . Box  527,  Blacksburg 

Jackson,  Dr.  I.  A.,  9  . 323-A  South  Randolph  St.,  Richmond 

James,  Col.  Harold  C.,  2,  11,  6  . Kable  Station  32,  Staunton 
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Jarman,  Dr.  A.  M.,  6,  10  . 1872  Winston  Avenue,  Charlottesville 

Jarman,  L.  W.,  6  . . 1216  Lorraine  Avenue,  Richmond 

Jeffers,  Dr.  George  W.,  4,  11 . ....Route  6,  Farmville 

Johnson,  Dr.  E.  P.,  9,  4  ....Virginia  Agricultural  Exp.  Stat.,  Blacksburg 

Johnson,  Dr.  Harry  I.,  7,  5,  6  . 429  High  Street,  Salem 

Johnson,  James  A.,  Jr.,  5  . 1123  State  Office  Bldg.,  Richmond  19 

Johnson,  J.  H.,  6,  5,  2 . Washington  High  School,  Norfolk  4 

Johnston,  Miss  Cate,  4,  3  . Hollins  College,  Hollins 

Jones,  Dr.  E.  Ruffin,  Jr.,  4  . Dept,  of  Biol.,  Univ.,  of  Fla.  Gainesville, 

Florida 

Jones,  George  D.,  1,  4 . Box  448,  Orange 

Jones,  George  R.,  3  . Luray 

Jones,  Homer  D.,  Jr.,  . 29  Rumstick  Road,  Barrington,  R.  I. 

Jones,  J.  Claggett,  5  . * . 805  Overbrook  Road,  Richmond 

Jones,  Louise  L.  (Mrs.),  9 . MCV  Station,  Richmond  19 

Jones,  Muriel  M.,  3 . MCV  Station,  Richmond  19 

Jopson,  Dr.  Harry  G.  M.,  4 . Bridgewater  College,  Bridgewater 

Judkins,  Dr.  W.  P.  I.,  1 . V.P.I.,  Blacksburg 

Jurgens,  Mrs.  J.F.B.,  4  . . . . . Bon  Air 

KAPP,  Mary  E.,  5 . 901  West  Franklin  St.,  Richmond  20 

Kasey,  Robert  A.,  Jr.,  5  . 2419  Hanover  Avenue,  Roanoke 

Katz,  Edward,  5  . 201  Matoaka  Court,  Williamsburg 

Kaye,  Sidney,  9,  5  . 404  North  Twelfth  St.,  Richmond  19 

fKean,  Dr.  Robert  H.,  5 . P.  O.  Box  667,  Richmond 

Keeble,  Prof.  W.  H.,  2  . Box  607,  Ashland 

Keith,  B.  Ashton,  8,  6 . General  Delivery,  Washington,  D.C. 

Keller,  Dean  May  L.,  6  . University  of  Richmond,  Richmond 

Kelly,  J.  J.,  Jr.,  6  . Wise 

Kelly,  Dr.  M.  Mae,  10  . Radford  College,  Radford 

Kemp,  Miss  Catherine,  11,  5  . 3110  Webster  Avenue,  Norfolk 

Kepner,  Dr.  William  A.,  4 . 29  University  Place,  University 

Key,  Mrs.  J.  Frank,  4  . Box  707,  Buena  Vista 

Keyser,  Dr.  Linwood  D.,  9  . 409  Medical  Arts  Building,  Roanoke 

Kincaid,  Dr.  C.  M.,  1,  4  . Box  563,  Blacksburg 

Kindred,  Dr.,  J.  E.,  9,  4 . Box  1873,  University  Station,  Charlottesville 

Kinzey,  Prof.  Bertram  Y.,  Jr.,  7 . Box  159,  Blacksburg 

Kirkland,  J.  J.,  5  . 402  Monroe  Lane,  Apt.  C-2,  Charlottesville 

Kizer,  F.  D.,  11  . 4403  Maury  Avenue,  Norfolk  13 

Kopp,  Paul,  5,  7,  8 . Hollygate  Farm,  R.F.D.  1,  Manassas 

Koppel,  Leopold,  5  . 1600  Valley  Road,  Richmond 

Kreshover,  Dr.  Seymour  J.,  9  . 1204-A  Willow  Lawn.  Keswick 

Gardens,  Richmond 

Kriegman,  Lois  S.  (Mrs.),  10 . 1001  West  Franklin  Street  Richmond 

Krug,  Dr.  Robert  C.,  5 Department  of  Chemistry,  V.P.I.,  Blacksburg 

Kunz,  Walter  B.,  5,  2,  6  . American  Viscose  Corp.,  Marcus  Hook,  Pa. 

Kupfer,  Dr.  Henry  G.,  9,  5,  3  . 1200  East  Broad  Street,  Richmond 

Kyle,  Z.  T.,  6  . Supv.  Guidance  and  Adult  Educ.,  State  Dept.,  of 

Educ.,  State  Office  Bldg.,  Richmond 

LACY,  O.  W.  10  . Norristown  State  Hospital,  Norristown,  Pa. 

Lambert,  Dean  J.  Wilfred,  10  . College  of  William  and  Mary 

Williamsburg 

Lancaster,  Dr.  Dabney  L.,  6,  2  . Longwood  College,  Farmville 

Lancaster,  J.  L.,  6  . 18  Raleigh  Court,  Charlottesville 

Lane,  Charles  F.,  8  . Longwood  House,  Farmville 

*Lane,  E.  H.,  5  . The  Lane  Company,  Altavista 

Langston,  Dr.  Henry  J.,  9  . Corner  Main  St.  and  Jefferson  Avenue, 

Danville 
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Laboratory  and  Industrial  Chemicals 
Chemical  Equipment 

Complete  Stocks  —  Prompt  Service 


ANALYTICAL  BALANCES 
COLORIMETERS 
HOT  PLATES 
MICROSCOPES 
pH  METERS 
REFRACTOMETERS 
TUBING 
CENTRIFUGES 


LABORATORY  REAGENTS 
COORS  PORCELAIN 
FILTER  PAPERS 
KIMBLE  GLASSWARE 
OVENS 

PYREX  GLASSWARE 
SPECTROPHOTOMETERS 
IRONWARE 
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Lapsley,  Miss  Mildred,  6  ....James  Monroe  High  School,  Fredericksburg 
fLarew,  Dr.  Gille  A.,  2  ....Randolph-Macon  Woman’s  College,  Lynchburg 

Larsen,  Dr.  Paul  S.,  5,  9  . . Medical  College  of  Virginia,  Richmond 

Lawrence,  Dr.  C.  K.,  5  . . . . . Claremont 

Lawrence,  William  F.,  Sr.,  3,  4  . 1724  Matthews  Terrace,  Portsmouth 

Layman,  John  C.,  2  . 307  Eheart  Street,  Blacksburg 

Lee,  Dr.  Claudius,  7  . . . Box  157,  Blacksburg 

Lee,  Prof.  Mary  Ann,  2,  12  . Sweet  Briar 

fLehman,  Dr.  Edwin  P.,  9 . Box  1596,  University 

Leidheiser,  Henry,  Jr.,  5,  2  ..Va.  Inst.  Sci.  Res.,  326  Blvd.,  Richmond  20 

Levin,  Neal  T.,  5  . 6932  9th  St.  N.  W.,  Washington  12,  D,  C. 

Levitan,  Max,  4  . . . Biology  Dept.,  V.P.I.,  Blacksburg 

**Lewis,  Dr.  Ivey  F.,  4  ....11  East  Lawn,  Univ.  of  Virginia,  Charlottesville 

**  Lewis,  John  B.  . R.F.D.  Box  36,  Brodnax 

Lewis,  Penelope,  10  . . 2  East  Lawn,  Charlottesville 

Likes,  Dr.  Carl  Jr.,  5  . Hampden-Sydney 

Lillard,  James  H.,  1  . 803  Gracelyn  Drive,  Blacksburg 

Lindsay,  J.  R.,  5  . Bureau  of  Indust.  Hygiene,  State  Office  Bldg., 

Richmond 

Linfield,  Dr.  B.  Z.,  2,  12  . 1324  Hill  Top  Road,  Charlottesville 

Lineville,  Ralph  B.,  5  . V.M.I.,  Lexington 

Littleton,  Dr.  Leonidas  R.,  5,  2 . 1611  N.  Greenbriar  Street,  Arlington 

Lively,  Mary  (Mrs.),  10  . 823  Third  St.,  Durham,  N.  C. 

Loh,  Dr.  Hung-Yu,  2  . Box  767,  Blacksburg 

Lombardi,  Gerardo  J.,  7,  12  . Box  571,  Blacksburg 

Lothery,  Prof.  Thomas  E.,  Jr.,  2  . P.  O.  Box  679,  W.  and  L.  Univ., 

Lexington 

Lowry,  Miss  Jean,  8  . 140  East  Union  Street,  Wytheville 

Lucas,  Prof.  James  B.,  5 . Box  301,  Blacksburg 

Lummis,  Frances  L.,  2  ..2-004  Naval  Ordnance  Lab.,  Silver  Spring,  Md. 

Lutz,  J.  A.,  Jr.,  1,  8 . Agronomy  Department,  V.P.I.,  Blacksburg 

Lutz,  Prof,  Robert  E.,  5  . Cobb  Chemical  Laboratory,  University 

Lynch,  Dr.  John  P.,  _ _ 1000  West  Grace  Street,  Richmond  20 

Lyons,  Dr.  Harry,  . Professional  Building,  Richmond 


MACCONNELL,  Mrs.  William,  10  . .803  Church  Street,  Lynchburg 

Mahan,  Dr.  John  G.,  4 . Lynchburg  College,  Lynchburg 

Mahony,  Harold  E.,  5,  7  . Merck  and  Company,  Inc.,  Elkton 

*  *Manahan,  Dr.  John  E.,  2,  4 . Radford  College,  Radford 

Maner,  Alfred  W.,  7  ....Va.  Council  of  Highway  Res.,  Thornton  Hall., 

U.  Va.,  Charlottesville 

Mankin,  Mr.  W.  Douglas,  4  . . Herndon 

Mapp,  John  A.,  10,  6  . . . 1710-A,  Park  Avenue,  Richmond 

Markess,  Dr.  D.  G.,  5 . E.  R.  Squibb  and  Sons,  New  Brunswick,  N  J. 

Marshall,  Prof.  Nelson,  4  ..College  of  William  and  Mary,  Williamsburg 

Martin,  Dr.  Mabel  F.,  10,  5,  4 . Box  58,  Springfield,  Massachusetts 

fMartin,  Dr.  Walter  B.,  9  . 521  Wainwright  Bldg.,  Norfolk 

Mason,  George  C.,  . Box  720,  Newport  News 

Massey,  Prof.  A.  B.,  4,  1  . Blacksburg 

Masuelli,  Frank  J.,  5  . Box  185,  Blacksburg 

Matthews,  E.  M.,  4  . Box  375,  Chatham 

Mattus,  Dr.  George,  1  . Agr.  Exp.  Station,  V.P.I.,  Blacksburg 

Maurice,  Elmira  C.  (Mrs.),  6,  4,  11  . 1208  West  Forty-Fifth  St., 

Richmond  24 

Maurice,  H.  A.,  Jr.,  4  . 1208  West  Forty-Fifth  St.,  Richmond  24 

McCorkle,  T.  A.,  5  . Longwood  College,  Farmville 

McCracken,  Prof.  Robert  F.,  5  . 2021  Broad  St.,  Augusta,  Georgia 

McDaniel,  Dr.  R.  R.,  2,  12  . Va.  State  College,  Petersburg 

fMcDarment,  Capt.  Corley  . 1108  North  Pitt  St.,  22,  Alexandria 
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McDermott,  Kate  B.  (Mrs.),  2,  11 . 331  Vernon  Street,  Lynchburg 

McEwen,  Dr.  Noble,  10  . . . 401  College  Avenue,  Ashland 

McGauhey,  Prof.  P.  H.,  7  . 3940  Welland  Avenue,  Los  Angeles,  Calif. 

McGehee,  Dr.  Frances,  10 . 2615  Rivermont  Avenue,  Lynchburg 

McGill,  William  M.,  8,  6,  7,  5  ....Virginia  Geological  Survey,  Box  1428, 

Charlottesville 

McHugh,  Dr.  J.  L.,  4  ....Virginia  Fisheries  Laboratory,  Gloucester  Point 

Mclnteer,  Warren  H.,  2  . Box  211,  Quantico 

McIntosh,  William  B.,  4 . Lab.  of  Vertebrate  Biol.,  Univ.  of  Mich., 

Ann  Arbor,  Mich. 

McKillop,  L.  D.,  5  . . . 2909  Northumberland  Aven,  Richmond 

McPherson,  Col  W.  L.,  5,  6  . Box  23,  Blacksburg 

McShane,  E.  J.,  2  . 209  Maury  Avenue,  Charlottesville 

Meador,  John  Pleasant,  8  . 1221  East  Broad  Street.  Richmond 

*  Medical  College  of  Virginia . Richmond 

Melton,  Thomas  M.,  5  . 123  Bartee  Rr.,  Richmond 

Melville,  Phillip  L.,  7,  8  ....e/o  Highway  Res.  Council,  Thornton  Hall, 

Charlottesville 

Menzel,  Mrs.  R.  W.,  4 . ...Box  4756,  College  Station,  Texas 

fMeredith,  D.  John  M.,  9  . 1200  East  Broad  Street,  Richmond 
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The  Distribution  of  the  t  and  F  Statistics  for  a 
Class  of  Non-Normal  Populations1 

Ralph  Allan  Bradley 

University  of  North  Carolina  and  Virginia  Agricidtural  Experiment 
Station  of  the  Virginia  Polytechnic  Institute 

INTRODUCTION 

The  study  of  errors  of  experiments  involving  small  samples  began 
with  the  fundamental  work  of  “Student”  (1908).  A  test  of  the  hypoth¬ 
esis  that  the  mean  of  a  group  of  independent  observations  has  a  pre¬ 
specified  value  was  derived  by  considering  the  moments  of  the  sample 
mean  and  of  the  sample  standard  error  on  the  assumption  that  the  ob¬ 
servations  came  from  a  parent  normal  population.  R.  A.  Fisher  (1925, 
1928)  extended  “Student’s”  work  to  obtain  a  test  of  the  difference  be¬ 
tween  the  means  of  two  groups  of  observations,  and  rigorously  proved 
the  results  of  “Student”,  at  the  same  time  introducing  the  use  of  the 
t  statistic  in  this  test.  Fisher  also  obtained  a  test  of  the  hypothesis  that 
k  groups  of  observations,  assumed  to  come  from  normal  populations 
with  equal  variances,  have  equal  means.  The  z  statistic  used  in  that 
test  is  a  simple  monotone  function  of  the  more  common  statistic  F  used 
in  the  analysis  of  variance.  This  work  is  summarized  by  Fisher  (1935) 
in  an  expository  paper. 

Uncertainties  still  exist  regarding  the  practical  validity  of  these  tests 
when  the  assumptions  implicit  in  their  derivations  are  not  satisfied. 
This  matter  is  the  subject  of  a  sequence  of  papers  by  W.  G.  Cochran 
(1947),  Churchill  Eisenhart  (1947),  and  M.  S.  Bartlett  (1947).  The  as¬ 
sumptions  in  the  analysis  of  variance  are  that 

(i)  The  experimental  errors  are  normally  distributed; 

(ii)  The  experimental  errors  have  a  common  variance; 

(iii)  The  experimental  errors  are  independent;  and 

(iv)  The  group  characteristics  tested  and  the  environmental  effects 
are  additive.  It  is  with  violations  of  assumption  (i)  that  we  shall  deal 
in  this  paper. 

There  are  many  published  papers  on  the  subject  of  the  non-normality 
of  experimental  errors,  but  the  available  information  is  unsatisfactory. 
The  errors  introduced  in  the  significance  levels  of  the  t  and  F  tests  by 

1  Research  supported  in  part  by  scholarships  awarded  by  the  National  Research  Council  of  Canada 
and  by  the  Ontario  Research  Foundation,  and  presented  to  the  Institute  of  Mathematical  Statistics, 
Chicago,  December  27,  1950. 
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the  non-normality  of  parent  universes  require  more  detailed  and  com¬ 
prehensive  study.  Such  a  study  is  necessary  not  so  much  because  these 
tests  are  the  appropriate  ones  for  non-normal  populations  (and  they 
are  not  usually  best  in  these  cases),  but  because  it  is  desirable  to  use 
a  common  analysis  which  will  give  good  results  for  a  wide  class  of  popu¬ 
lations.  Assurance  that  the  results  obtained  are  reliable  is  required. 

Approximate  methods  of  checking  the  validity  of  t  and  F  tests  are 
diverse.  Transformations  of  the  observed  variates  are  discussed  by 
Bartlett  (1947).  E.  J.  G.  Pitman  (1939)  has  given  a  general  procedure 
for  obtaining  tests  adapted  to  specified  non-normal  populations.  Com¬ 
binatorial  and  rank  order  tests  are  considered  by  Pitman  (1937),  Fisher 
(1947),  Harold  Hotelling  and  Margaret  Pabst  (1936),  and  by  E.  S.  Pear¬ 
son  (1931).  The  principal  discussion  of  limiting  distributions  of  the  t 
statistic  is  presented  by  Kai  Lai  Chung  (1946)  and  his  results  are  valid 
for  large  sample  sizes.  Verifications  of  the  efficacy  of  the  t  test  are  ob¬ 
tained  by  experimental  sampling  by  Pearson  (1937),  W.  A.  Shewhart 
and  F.  W.  Winters  (1928),  and  T.  Eden  and  F.  Yates  (1933).  P.  R. 
Rider  (1929),  Victor  Perlo  (1933),  and  J.  Laderman  (1939)  have  dis¬ 
cussed  the  exact  distributions  of  t  for  rather  trivial  special  cases  and 
very  small  sample  sizes.  Bartlett  (1935)  and  R.  C.  Geary  (1936)  have 
investigated  errors  in  the  significance  levels  of  t  by  considering  the  first 
few  terms  of  a  Gram-Charlier  series.  Their  results  are  approximate, 
depending  on  a  knowledge  of  measures  of  skewness,  and  on  neglecting 
powers  of  the  sample  size  of  lower  order  than  its  inverse  and  powers  of 
the  skewness  of  higher  order  than  the  first. 

While  the  theoretical  results  so  far  obtained  have  not  been  particu¬ 
larly  useful,  still  mathematical  analysis  appears  to  be  the  method  by 
which  more  definite  confirmation  of  the  applicability  of  analysis  of  vari¬ 
ance  to  non-normal  populations  may  be  derived.  This  paper  was  sug¬ 
gested  by  an  asymptotic  evaluation  of  corrections  for  non-normality  at 
high  significance  levels  by  Hotelling  (1947)  and  by  an  extension  of  his 
work  by  the  present  author  (1950). 

It  is  generally  known  that  the  cumulative  distribution  functions  of 
t  and  of  F  may  be  written  in  the  form  of  multiple  integrals  which  depend 
on  as  many  variables  of  integration  as  the  number  of  observations  in 
the  sample  and  whose  domains  of  integration  depend  on  t  and  on  F.  We 
show  that,  for  a  large  class  of  non-normal  populations,  the  density  func¬ 
tions  of  t  and  F  may  be  written  in  terms  of  integrals  whose  domains  of 
integration  are  independent  of  t  and  of  F.  These  density  functions  in 
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turn  are  used  to  expand  the  cumulative  distribution  functions  in  powers 
of  C1  and  of  F~l.  The  expansions  are  particularly  useful  at  high  signifi¬ 
cance  levels  and  it  is  believed  that  these  results  represent  a  considerable 
improvement  over  previous  investigations  of  the  effects  of  non-nor¬ 
mality. 

In  the  following  sections,  derivations  for  the  one-sample  t  test  are 
given  in  detail.  Only  final  results  (derived  by  analogous  methods)  are 
shown  for  the  two-sample  t  test  and  the  F  test.2  Examples  are  developed 
for  those  cases  in  which  the  observations  are  drawn  from  the  Cauchy 
and  the  “squared  hyperbolic  secant”  distributions. 

THE  PROBABILITY  DENSITY  FUNCTION 

Let  x\  ,  •  •  -  ,  Xn  be  a  sample  of  N  independent  observations  from  a 
population  with  density  function,  f(u).  Without  loss  of  generality,  we 
use  the  t  statistic  to  test  the  hypothesis  that  the  mean  of  u  is  zero.  In 
order  to  obtain  a  suitable  expression  for  the  cumulative  distribution 
function  of  t,  GN(t ),  it  is  required  that/(w)  have  the  following  properties: 

(a)  f(u)  >  0  for  all  —  oc  <  u  <  <*> ; 

(b)  f(u)  is  a  continuous  function  of  u  for  —  oo  <  u  <  oo .  Now,  using 
the  familiar  formula  for  t ,  we  write 


G, 


(2.1) 


«>  - 1 


(!.“)( 


f  n /(*,-)  >ixi. 

j  i=i 


N  2  (Xi  -  xY/(N 

t= i 


m'1/2<  t 


If  we  use  a  prime  to  denote  a  column  vector,  we  transform  to  new 
variables  of  integration  by  setting 


(2.2) 

wherein  we  require  that 


y'  =  IV, 


(2.3)  r  = 


-1/2 


-1/2 


-2 

6' 


-1/2 


-1/2 


0 

— 2(6)~1/2 


[N(N 


i)r1/2w  -  i )rm{N(N  -  Dr1/2) 

•••  {N(N  -  Dr1'2  -  { (N  -  1)/N}m 


N~m  N~in 

N-m  N-w 

2  A  complete  discussion  is  available  (Bradley,  1949)  in  a  dissertation  in  the  library  of  the  University 
of  North  Carolina  at  Chapel  Hill. 


4  The  Virginia  Journal  of  Science  [January 

Upon  application  of  the  transformation  inverse  to  (2.2),  we  have 
Xi  =  N~ll2y„  -  {(i  -  l)/i}my,-i  +  [i{i  +  1) \~ll2y,- 

+  •••  +  {(iV  -  l)iVrWWi 


(2.4) 


for  all  i  —  1,  •  •  •  ,  N  if  it  is  understood  that  y0  is  taken  to  be  zero. 
Since  T  is  orthogonal,  the  domain  of  integration  in  (2.1)  is  simplified 
and  it  follows  that 


G 


(2.5) 


At)  -  j 


yN  {V^/(AT  -  l)j  1,2  <  f 


I  n  /i  n  dyi . 

j  i= i  i= i 


We  use  fi  to  simplify  the  writing  of  f(xi)  when  Xi  is  taken  to  be  a  func¬ 
tion  of  the  variables  of  integration. 

By  transforming  to  generalized  spherical  coordinates3,  we  may  re¬ 
duce  the  domain  of  integration  to  one  involving  a  single  variable  of 
integration.  This  procedure  involves  setting 


(2.6) 


yN  =  p  cos  4>! 

yi  =  p  sin  $i  cos  <3S 

2/2  =  p  sin  sin  <£2  cos  <t»3 


yN- 2  =  p  sin  sin  <£2  sin  $3  •  sin  $^-2  cos  dv_i 
yN—i  =  p  sin  $1  sin  d>2  sin  $3  •  •  •  sin  sin  d-V-i  . 

It  is  easy  to  verify  that  the  transformation  (2.6)  will  be  one-to-one 
when  we  take  the  ranges  of  integration,  0  to  tt  for  ,  •  •  •  ,  <tv_2 , 0  to 
2tt  for  $at_i  ,  and  0  to  00  for  p.  The  jacobian  is  pN~l  sin  ^_2<I>i  sin 
^_3$2  •••  sin  $^-2  •  In  addition,  if  we  set 


(2.7)  t  =  (N  —  1)1/2  cot  0, 

: 

the  domain  of  integration  in  (2.5)  is  given  by  0  <  4>i  g  x.  With  the 
understanding  that  0  is  a  function  of  t,  we  may  now  write 

GAt)  =  /  sin  w_24>i  I  I  -  I  I"'  A 

(2.8) 


<™(0  =  f  sin  f  [  ■  f  [  i  II  / 

Jo  Jo  Jo  Jo  j  l  1 


N  I  .  w— 3- 

•  p  sm  $2 


JV— 1  “1 

sin  $^-2  dp  n  d&i  d$i. 


3  See,  for  example,  Hotelling  (1931). 


19521 


t  and  F  Statistics 


5 


It  follows  at  once  that  '  : 

=  -  sin  "-2e 
dO 

(2.9)  »2ir  f  N  \  N — 1  -| 

•  f  [  ‘  [  I  I XI  /if  PN_1  sin ^-3$2  •  •  •  sin  $*_2  dp  II 

|_yo  Jo  Jo  Jo  ^  i  J  2  J#i=« 

The  argument  of  /,•  in  (2.9)  may  be  simplified  by  an  inverse  sequence 
of  transformations.  We  begin  by  setting 

(2.10)  Ui  =  (yi/sin  Ti)  |  4i=e  ,  i  =  1,  •  •  •  ,  (N  -  1). 

The  jacobian  is  (pN~2  sin  N~%2  •  •  •  sin  ^_2)~1  and  p  —  X^i-1  •  The 

final  transformation  is  obtained  by  defining  new  variables, 

Vi  =  2  17\ti  T  6  172w2  -j-  •  •  •  -f-  {(IV  —  l)iVJ  II2Un— i 

f2  ~  — 2  172iq  -j-  6  /2u2  +  •  •  •  T  {(N  —  1W}  II2Un— i 

(2.11)  t;3  =  “2(6)_1/2w2  +  •  •  •  +  {(N  -  mr1'^ 

VKti  =  —(N  —  2)1/2(N  -  1)~1/!W_2  +  {(N  -  1  Wr1^-!. 

This  transformation,  although  not  orthogonal,  has  a  simple  jacobian. 
Let  the  matrix  of  the  transformation  be  written  as  X  and  then 

1/N_ 

so  that  |  X  |  =  N~112.  The  jacobian  of  the  transformation  from  the 
^-coordinates  to  the  ^-coordinates  is  simply  N112.  Further  vx  +  •  •  •  + 
vN_i  =  (N  —  l)1/2iV-1/W-i  ,  and  if  (2.11)  be  written  v'  =  \u',  vv'  = 
u\'Xu'  and 

Y  vl  =  Y  u]  +  N~1un_i  =  Yu]  ~  (N  —  1  )JST1Un-1. 

ii  i 


Y  S  ^  2  vy  . 


Then, 

(2.12) 
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With  the  help  of  these  transformations,  and  upon  noting  that  the  new 
variables  are  unrestricted  on  the  real  axis,  we  have 


dGAt) 

dO 


=  — iV1/2 


/oo  -oo 

...  I 

00  V—  oo 


(2.13) 


/  [sin  9  jAr1'2  pg  „*  +  (g  „)*  cot  e  -  g  *}] 

■  n  f  [sin  e  {at-1/2  pg  +  (g  „,y  cot  e  + 

/n—1  /IV— 1  \2  Agl 


Gn(£)  =  dGN(t)/dt  may  be  derived  from  (2.13)  when  we  recall  that 
t  —  (N  —  1)1/2  cot  9  from  whence  sin  0  =  {1  +  t2/(N  —  l)}-1/2and 

G'N(t)  =  zzGN(t)  •—  with  dO/dt  =  —  (N  —  1)_1/2  sin  20.  Hence, 
at 


G'N(t)  =  NV\N  -  1)"1/2{1  +  t2/{N  -  I)}-"72 

.r...  rp+^-Dr 

v— oo  oo  L 


-1/2 


■{N~in(N  -  1)' 


-1/2 


(2.14) 


N~1I2(N  -  1)' 


-1/2 


/N-1  /N- 1  \2  N~l  ) 

p E»i  +  (Z*)  <-!»<)_ 

•n/[u  +  <2/(iv  -  i)r 

pZ  v!  +  (g  v<J  t  +  4] 


-1/2 


We  have  now  obtained  an  expression  for  the  probability  density 
function  of  t  for  the  large  class  of  populations  satisfying  conditions  (a) 
and  (b).  When  f(u)  is  the  normal  density,  it  is  very  easy  to  show  that 
(2.14)  gives  the  familiar  “Student”  distribution.  When  f(u )  is  not  the 
normal  density,  it  may  be  possible  to  evaluate  GN(t)  directly  in  rare 
cases  and  for  small  sample  sizes.  More  difficult  cases  may  be  treated 
by  the  method  of  the  following  section. 
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A  SERIES  REPRESENTATION  OF  THE  CUMULATIVE 
DISTRIBUTION  FUNCTION 


GN(t)  will  be  expanded  in  a  Taylor  Series  in  powers  of  l/t.  To  do  this, 
it  is  necessary  that  f(u)  have  as  high  order  continuous  derivatives  as 
terms  used  in  the  expansion.  We  then  may  require  the  condition, 

(c)  dkf(u)/duk  is  a  continuous  function  of  u  for  —  oo  <  u  <  °o  and 
k  =  1,  2,  3,  •••  . 

It  will  be  convenient  to  write 


(JV-1  /N—  1  \2V  1/2 

(3.i)  p(»)  =  N~in  |  y  v\  +  ^  y  Vij  I 


and  n  =  N  —  1 


in  the  expression  for  dGN(t)/dQ  in  (2.13).  In  that  formula,  wTe  set 


(3.2) 


Zi  =  Vi  |  cos  0  |  , 


i  = 1,  *  •  •  ,  n, 


and  this  is  a  permissible  transformation  so  long  as  9  ^  tt/2.  The  ja- 
cobian  is  simply  |  cos  0  |  ~n.  We  also  define 

(3.3)  $  =  |  tan  9  |  =  n1/2  |  t  |  -1. 

When  0  is  between  0  and  x/2,  dQ/d&  =  cos2  9  and£  is  positive;  when 
0  is  between  tt/2  and  t,  dQ/d* I>  =  —cos2  9  and  t  is  negative.  Upon  mul¬ 
tiplying  (2.13)  by  dO/d$  and  applying  (3.1),  (3.2)  and  (3.3),  we  obtain 


(3.4) 


dGN{t)/d$  =  -mN~2 


for  positive  values  of  t,  and 


■  j f_x  [n/ipw  +  «*.•) 

■fyP(z)  —  <i>  y  Z,|  P(z)  I  I  dziy 


(3.5) 


dGN(t)/d§  =  N$N~2  [ 

J—  oo 


—  P(z)  —  ^>  y  z)>  P(z)  fi  dzi , 
i  j  i 


for  t  negative. 

In  the  following  discussion  we  shall  use  the  Taylor  Expansion  of 
GN(t)  in  powers  of  <4  about  the  point  T  =  0.  The  form  (3.4)  will  be  con¬ 
sidered  in  detail  and  the  result  for  (3.5)  may  be  written  down  in  a 
similar  way. 

dGN(t)/d$  may  be  taken  to  be  the  product  of  two  functions  of  and 
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successive  derivatives  may  be  obtained  by  the  application  of  Leibnitz’ 
rule.  We  are  concerned  with  the  derivatives  of 

(3.6)  A(&)  =  $N~2, 

and 

(3.7)  £(<£>)  =  +  ^}J/|p(«s)  -  $ 

evaluated  at  =  0.  The  required  derivatives  of  A  (<E>)  vanish  except  for 

(3.8)  dN~2A(<f>)/d$N~2  =  T(n). 

A  generalization  of  Leibnitz’  rule  permits  us  to  write 

dkB{*)/d*k  |*_o  =  E  — j — — - , 

(3.9)  “o+-,  +«n=^  0^0-  '  '  ’  OCn  • 

(-S*)*0*?1  •  •  •  ZannfM  {P(z)}  *  .  .  fM{P(z)\. 


By  means  of  (3.5),  (3.8)  and  (3.9)  and,  again,  by  the  application  of 
Leibnitz’  rule,  we  may  state  the  result  that 


GN<j)  =  €h,(t)  |*_o  -  (n  1 

n\  \  0 


'(»)  f 

J — c 


(3.10)  [  £($)|  $=0  p(z)  n  dzi 

J-  00  1 


mn+h  / 

■1 

{n  +  k) !  \ 

1)rW£ 


f 

J—c 


<?&<$) 

d$k 


$=o 


P{z)  n  dzi 


If  we  recall  that  <f>  =  n112  |  t  |  1,  when  t  >  0,  GN(t)  !$=0  =  1,  and 
Nnn'2  _ 


GN(i )  =  1  - 


(3.11) 


>  (”  o  ‘)r-  £ 

r  b(*)|  $=0  p(z)  n  c 

J— 00  1 


Nn 


(»+*)/  2 


(n  +  k) ! 


r(n)| 


(’+ry-"£ 


/ 


d!‘B(i) 

d$k 


$=o 


P(z)  n  dZi  - 

1 


for  positive  values  of  t. 
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When  t  is  negative,  we  need  only  define. 

(3.12)  B*(«)  =  /{ -P(z)  -  $  t,  4  n  /{  -P(z)  +  **}, 


and  use  (3.5)  in  place  of  (3.4).  Then,  when  t  <  0,  GN(t)  \  $=0  =  0,  and 
the  expression  equivalent  to  (3.11)  for  this  case  is 


GN(t)  = 


Nn 


(3.13) 


+ 


ni 


+ 


r<«>CV)i<r£ 

[  B*($)  |  $=0  p(«)  ff  dzi 
J-  00  1 


Nn 


(»+fc)/2 


(n  +  k) ! 


+  fc  -  1^  |  ^  j-(»+fc)  J°° 

r 

J~r 


i*_ o  p(«)  n  +  •  •  • . 

i 


These  expansions  of  GN(t)  hold  promise  of  rapid  convergence  for  large 
absolute  values  of  t,  and  afford  a  method  of  obtaining  at  least  a  few 
terms  of  the  distribution  function  of  t  when  the  population  density 
function,  /(w),  satisfies  conditions  (a),  (b),  and  (c).  We  now  develop  a 
systematic  method  of  evaluating  the  terms  of  these  series. 

THE  REDUCTION  OF  THE  COEFFICIENTS 

The  expansion  of  GN(t)  depends  on  the  integral  of  dkB(&)/d®k  |  <f>=oP(z) 
over  unrestricted  values  of  the  real  variables  of  integration.  The  kth 
derivative  of  B(4>)  may  be  expressed  in  two  parts,  one  of  which  is  inde¬ 
pendent  of  the  density,  f(u),  and  hence  common  to  all  functions  Gir(t)r 
and  another  much  simpler  expression  depending  on  the  particular  popu¬ 
lation  under  consideration.  The  first  step  in  such  a  procedure  is  to  note 
that  P(z)  and  Xli  are  symmetric  functions  of  Zi  ,  •  •  •  ,  zn  .  Hence, 
from  (3.9), 

<4.i)  s  <-*£«?■•;•* ftoaa 

ao+...+an=k  ni\--°np\  j=o  a,- 1 

a  1  Sp  ‘  ^  “» 

where  a±  ,  •  •  •  ,  an  are  assumed  to  take  on  p  distinct  values,  the  first 
of  which  occurs  nx  times,  the  second  n2  times  and  so  on.4 

4  We  use  the  symbol  ==  to  read  “has  the  same  integral  as”  with  respect  to  the  variables  present.  Thus, 
if  u  —  \v,  J_oo  g(u)  du  —  f  ^  g(\v)\  dv,  and  g{u)  =  \g(\v). 
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Many  linear  transformations  may  be  used  to  transform  P(z)  to  a 
function  of  a  sum  of  squares,  but,  in  order  to  take  advantage  of  the 
ordering  of  the  exponents  of  z\  ,  •  •  •  ,  zn  ,  we  must  choose  a  transfor¬ 
mation  such  that  the  complexity  of  the  expressions  for  the  z’s  in  terms 
of  the  new  variables  decreases  from  Z\  to  zn  .  The  transformation  best 
suited  to  this  plan  is  one  we  have  already  used  (2.2,  2.3).  It  is  only 
necessary  to  replace  N  by  n  in  the  matrix,  T.  If  the  new  variables  are 
taken  as  w’s,  we  may  write 

Zi  =  ri~ll2wn  —  f1/2(t  —  l)1/2w;_i  +  {i(i  +  1)}-1/2W; 

(4.2) 

+  •  •  •  +  {(n  —  l)nj  ll2wn- 1,  i  =  1,  •  •  •  ,  n. 

Now, 

P(z)  =  &  +  ^53  ZiJ  |  N~1'2  =  +  nwlj  AT1/2. 

If  we  set  w'n  =  Nll2wn  ,  we  have  jacobian  N~112,  and  upon  replacing 
wn  by  wn/N112  and  dropping  the  prime,  the  expressions  required  are 

Zi  =  ( nN)~ll2wn  —  i~ll2(i  —  l)ll2Wi-!  +  \i(i  +  1  )}~l'2Wi 

+  •  •  •  +  {{n  —  l)n}  ll2wn- 1  , 
i  =  1,  •  ,  nf 

(4.3)  ±  Zi  =  wn(n/N)112, 

i 

P(z)  =  (E  w]/N)w. 

1 

For  brevity,  let  us  write  Zi  in  terms  of  Wi  ,  •  •  •  ,  wn  as  Zi(w). 

A  transformation  to  generalized  spherical  coordinates  is  again  speci¬ 
fied.  A  first  step  sets 

n 

(4.4)  Wi  =  p€{  ,  £  =  1,  •  •  •  ,  n,  with  e2  =  1. 

i 

The  second  step  requires  that  we  take 

€i  =  sin  0n  sin  9n_i  •  •  •  sin  02 

(4.5)  a  =  sin  0n  sin  0n_i  •  •  •  sin  0t+i  cos  9; , 

i  =  2,  •  •  •  ,  (n  -  1) 


€„  =  cos  0„  . 
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The  jacobian  of  the  transformation  is 


(4.6)  Pn_1/(e2,  •••  ,e„) 

with  J  (02  j  •  •  •  ,  0n)  =  sin  n_20w  sin  n_30n-i  •  •  •  sin  08  ,  and  the  ranges 
of  integration  are  0  to  tt  for  03  ,  •  •  ■  ,  0n  ,  and  0  to  2tt  for  0-2  . 

Since  the  transformation  (4.3)  is  linear,  zV  is  a  homogeneous  function 
of  Wi  ,  •  •  •  ,  wn  of  degree  a* ,  and  we  may  write  za{  —  pa*{g,-(e)  }a*. 
In  terms  of  the  new  variables  (4.1)  may  be  written 


#  pn+k- 1  /^^(P/  V N) 

j= o  ay! 

where  the  accumulated  jacobians  are  included. 

It  is  well  to  note  at  this  point  that  we  have  divided  each  term  in  the 
summation  into  two  parts,  one  of  which  is  a  function  of  p  alone,  and 
therefore  an  even  function  of  Wi  ,  •  •  •  ,  wn  ,  whereas  the  other  is  in¬ 
dependent  of  p  and  is,  excluding  J(02 ,  •  •  •  ,  0n),  a  polynomial  of  degree 
k  in  terms  of  ei ,  •  •  •  •  ,  en  .  The  previous  analogous  part  was  then  a 
polynomial  of  degree  k  in  Wi ,  •  •  •  ,  wn  ,  and  when  k  is  odd,  at  least  one 
of  Wi ,  •  •  •  jWn  appeared  as  an  odd  function  in  every  term  of 


Since  P(z)  is  an  even  function  of  the  w’ s,  the  integrals  of  cPtI?($)/d<$k|*=o 
P(z)  are  integrals  of  odd  functions  whenever  k  is  odd  and  then  vanish 
independent  of  the  form  of  fiu).  As  a  further  observation,  when  k  is 
even,  certain  terms  of 


will  contain  one  or  more  of  the  variates  Wi  ,  •  •  •  ,  wn  with  an  odd  ex¬ 
ponent  and  such  terms  may  again  be  considered  to  be  odd  and  may  be 
omitted.  This  property  carries  over  to  ei €n  and  we  need  only 
consider  terms  which  consist  of  products  of  ex  ,  •  •  •  ,  en  all  with  even 
exponents.  For  example,  when  k  =  4,  we  consider  only  terms  containing 
and  ej .  Elaboration  of  these  simplifying  properties  will  later  be  in 
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order  but  the  discussion  is  included  here  since  they  are  more  easily 
detected  in  terms  of  wx ,  •  •  •  ,wn  and  carry  over  to  ex ,  •  •  •  ,  en  . 

Let  us  define 


(4.8) 


fc;  O0,  •  •  •  ,  a„)  =  £  -  y  - 


«0 


/(02,  •  •  •  ,  0»)  IT  z“j(e) 


3=1 


where  d0 ,  •  •  •  ,  an  is  a  combination  of  integers  such  that  d0  +  •  •  •  + 
an  =  k,  and  the  summation  over  the  set  A  represents  a  summation  over 
the  fixed  combination  with  aQ  taking  each  distinct  value  of  the  combi¬ 
nation  once  and  only  once  with  a\  ^  •  •  •  S  an  taking  the  remaining 
values  after  o:0  has  been  determined,  p  refers  to  the  number  of  distinct 
values  in  this  remaining  set  with  the  first  occurring  Ui  times  and  so  on. 
CN(e,  k;  a0  ,  •  •  •  ,  an)  is  then  well  defined.  We  shall  further  write 

(4.9)  DN(p,  k;  ao,  ■  ■  ■  ,  an)  =  pn+k  fl  {/‘“’’(p/VF)/^!) 

3=0 

and  note  that  permutations  of  a0 ,  •  •  •  ,  an  leave  DN(p,  k;  a0 ,  •  •  •  ,  an) 
invariant.  Using  (4.7),  we  have 


Oiv(C)  ky  Q, o,  ”  ,  CLn)  I-)  N  (p>  k\  do,  j  ®>n)  y 

®  0+  *  •  •+an=^ 

where  the  summation  has  now  been  reduced  to  one  over  the  combi¬ 
nations  of  integers  a0  +  •••.+  .  an .  =  k  instead  of  one  over  the  permu¬ 
tations  of  the  same  set  of  integers.  The  expression  for  P(z),  given  in 
(4.3),  has  been  included  in  the  right  hand  side  of  (4.10). 

The  integral  of  dkB  (4>)  /d$k  |  (z)  may  be  writen  as  the  product  of 

two  integrals.  It  is  only  necessary  to  define 

(4.11)  DIN(k;  d0,  •  •  •  ,  dn)  =  /  DN(p,  k;  d0,  ••  •  ,  d„)  dp 

Jo 

and 


(4.10) 


dkB(A>) 

d$k 


P{z) 


=  AT1*!  co?b. 


Citrate,  ao,  *  *  •  j  an) 


(4.12) 


/»  7 T  p  TT  p  2  7T 

=  /  •  •  •  /  /  CV(e,  7c;  do,  •  •  •  ,  a n)  dQn  •  • 

Jo  Jo  Jo 


dO  2 . 
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Then, 


(4.13) 


L 


“  dk B($) 


d$k 


P{z)  n  dzi 


22  CinQ$\  do  ,  •  •  •  ,  dn)  ’  Din{Jc,  j  •  *  *  ,  fln). 


k\ 

■*  j  comb. 

iV  ao+*  ••+«»=& 


In  exactly  the  same  way  as  that  described  above,  it  is  possible  to  write 


r  r  ) 

PCs)  fi  dz, 

<J>=0  1 

i-  oo  J-  oo  d$k 

(4.14) 

—  TT  comb.  ClN(k)  do  ,  ,  dn)  '  D  j  (k)  do,  * 

iV  ao+'  *  ’+On=fe 

where 

(4.15) 

DN(p,  k\  a o ,  •  •  •  ,  a, 

.)  =  Pn+k  n 

j= 0 

and 

(4.16) 

DTN(k;  cto ,  •  •  •  ,  a« 

)  =  /  D*(p,  fc;  a0 ,  •••,««)  dp. 

JO 

THE  EVALUATION  OF  CIN(k;  a0 ,  •  •  •  ,  an) 

CiN(k;  a0 ,  •  •  •  ,  o»)  need  only  be  evaluated  once  for  each  set  of  values 
a0  +  •  •  •  +  an  =  k  since  it  is  independent  of  the  particular  density 
considered.  As  previously  indicated,  CiN  vanishes  for  all  odd  values  of  k 
and  we  then  need  examine  only  the  even  values.  In  order  to  obtain 
Cin  it  is  first  necessary  to  write  CN  as  an  explicit  function  of  €i ,  •  •  •  ,  e» 
and  to  proceed  with  the  transformation  (4.5).  We  omit  all  terms  of 
CN  which  contain  an  odd  power  of  any  u ,  and,  furthermore,  from 
symmetry,  e? 01  •  •  •  e2„n  may  be  replaced  by  ef1  •  •  •  e2^n,  where  ,  •  *  •  , 
(3n  is  a  rearrangement  of  @i ,  •  •  •  ,  @n  with  (3 i  ^  ^  fin.  Thus,  for 

k  =  4,  say,  CN  may  be  reduced  to,  a  linear  function  of  e4n  and  e2e*_i 
only. 


When  fc  = 

0,  Cjv(e,  0;  0,  • 

_  o  _ 

j 

0) 

=  /(e2, 

•  •  •  ,  0»)  and  CiN(0;  0,  •  •  •  , 

0)=f  - 

J  o 

/»  7T  /*  Z7T 

/  j  sin”' 

Jo  Jo 

“20n 

sin 

C'/i—l 

•  •  •  sin  03  dQn  •  •  •  d02 .  If  we 

/.t/2 

recall  that  (3(m,  n)  =  2 

Jo 

sin 

2  m— 

It  2»- 

4>  cos 

44>  d4>,  it  is  easy  to  show  that 

(5.1) 

C'/ivCO;  0,  •  •  • 

,0) 

= 

2ir"7r(n/2)  =  S»_x . 

This  defines  the  constant,  Sn-i . 
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The  calculations  of  CIN  are  tedious  but  straight-forward.  We  illus¬ 
trate  by  evaluating  CiN( 4;  2,  1,  1,  0,  •  •  •  ,  0).  CN(e ,  4;  2,  1,  1,  0,  •  •  •  ,  0) 
is  obtained  by  substituting  for  Zj(e)  using  (4.3),  which  defines  Zj(w), 
in  (4.8).  Upon  applying  the  rules  of  procedure  given  at  the  beginning  of 
this  section,  we  have 


CA e,  4;  2,  1,  1,  0,  •  •  •  ,  0)  =  J(e2,  •  •  •  ,  0„)  je4„  ( 

22  (n 

en  en— 1  l 


n 


4  n  +  4 


2  nN 


n 


12  n  +  12 


)}• 


2  nN 

Cijf(e,  4;  2,  1,  1,0,  •  •  •  ,0)  will  depend  on  two  integrals  for  which  the 
variables  of  integration  are  02 ,  •  •  •  ,  0» It  is  necessary  to  use  (4.5) 
to  express  en  and  en_i  as  functions  of  the  required  angles.  Integration 
depends  on  the  definition  of  the  Beta  integral  and  it  can  be  shown  that 

fir  f2  ir 

/  •  •  *  /  /  4i(02  ,  •  •  •  ,  07 i)J  (02  ,  •  •  •  ,  0n)  dQn  *  *  *  d02 

J  o  Jo  J  0 

=  3Sn-i/  {n(n  +  2)} 

and 


/» TT  a  vr  /»Z7r 

/  *  *  *  /  /  €^(02  ,  *  *  *  ,  0n)€n-l(02  ,  *  ‘  *  ,  0»)t/ (02  ,  ‘  *  *  ,  On)  dQn  *  •  •  d02 

Jo  Jo  Jo 

=  Sn-i/ {n(n  +  2)}. 

Then, 

—  Sn-i  fn  —  Sn  +  2\ 

+2)  v  2  ;• 


(5.2)  CiA 4;  2,  1,  1,  0,  •  •  •  ,  0)  = 


V(n  + 

Values  of  the  CW  coefficients  are  listed  below  for  values  of  k  up  to  six. 
They  are  sufficient  for  obtaining  the  first  four  terms  of  the  expansions 
of  GN(t),  for  populations  whose  densities  satisfy  the  mild  conditions 
imposed,  when  combined  with  the  coefficients  DIN  which  alone  depend 
on  the  population  density. 

We  list5  the  coefficients: 


(5.3) 

O 

-4S 

7 

S 

gq 

IS 

o§ 

C™( 0;  0,  •  •  • 

,0) 

k  =  2 

=  5o 

52  =  Sn- 1 

CIN{ 2;  2,  0,  • •  • 

,0) 

=  52 

5  See  footnote  2. 
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CW(2;1,  1,0,  •••  ,0)  =  -|52 

k  =  4  Si  =  Sn-i/lNin  +  2)} 
CW(4;  4,  0,  •  •  •  ,0)  =  3nSi 


Cin{ 4;  3,  1,0,  •  •  • 
CV(4;  2,  2,  0,  •  •  • 
CM 4;  2,  1,  1,  0,  •  • 
C™(4;  1,  1,  1,  1,  0, 


Crir(6;  6,  0,  ••• 

CM 6;  5,  1,  0,  •  •  • 

C™(6;  4,  2,  0,  •  •  • 

Cjat(6;  4,  1,  1,0,  ••• 
C„(6;3,3,0,  ••• 

Cnv(6;  3,  2,  1,  0,  *  •  • 
Cjif(6;  3,  1,  1,  1,0,  ••• 
CM 6;  2,  2,  2,  0,  ••• 
C™(6;2,  2,  1,  1,0,  ••• 
C/jv(6;  2,  1,  1,  1,  1,0,  •• 
C™(6,  1,  1,  1,  1,  1,  1,  0, 


,0)  =  —  3n5i 
,0)  =  i(n2  +  2)54  . 

,0)  =  ~i(n  -3 n  +  2)54 
,0)  =  |(n2  -3 n  +  2)54 
56  =  Sn_,/{jV2(w  +  2)(n  +  4)| 

,0)  =  15w256 
,0)  =  —  15n25« 

,0)  =  3  n(w2  +  4)56 

,0)  =  —| n(n2  -5 n  +  4)5, 

,0)  =  —  f(3n2  +  2)56 
,0)  =  —3  (n  -  3n2  +  4 n  -  2)56 
,0)  =  |(3 n  -  11  n2  +  12n  -  4)56 
,0)  =  Un*  ~  n  +  6 n2  -  14 n  +  8)5s 
,0)  =  -i(n4  -  7n3  +  24ra2  -  38ra  +  20)56 
,0)  =  \{ni  -  lOn  +  35ra2  -  50n  +  24)56 
.  ,0)  =  -Mn  -  10n3  +  35n2  -  50» 


+  24)5e 


A  partial  check  on  these  coefficients  has  been  made.  This  was  ac¬ 
complished  by  taking  f(u)  as  the  normal  density  function  and  computing 
the  coefficients,  DIN  .  Values  of  DIN  and  Ctn  were  substituted  in  (4.13) 
and  the  values  of  these  integrals  were  in  turn  used  on  the  expressions 
for  GN(t)  given  in  (3.11)  and  (3.13).  The  series  were  checked  by  expanding 
the  “Student”  density  in  powers  of  C1  and  integrating  that  power  series 
term  by  term  with  respect  to  t  over  the  range  —  oo  to  tQ ,  say.  This 
should  give  us  GN(t0)  and  in  fact  the  first  four  terms  are  identical  with 
the  results  obtained  by  the  general  method  of  this  paper  when  t  is  re¬ 
placed  by  to . 
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ILLUSTRATIVE  EXAMPLES 

We  now  consider  applications  of  the  series  expansion  of  the  cumulative 
distribution  function  of  t  to  two  non-normal  populations.  They  have  the 
Cauchy  and  the  “squared  hyperbolic  secant”  densities  for  which  f(u) 
takes  the  forms 


(6.1) 


(C)  TT  1(i  +  O' 


and 


(S)  -  sech2  u/2 


respectively.  Standard  forms  may  be  used  since  the  distribution  of  t  is 
independent  of  location  and  scale  parameters. 

We  first  consider  the  Cauchy  density  and  require  expressions  for  its 
derivatives.  A  result  of  J.  Bertrand  (1864)  expresses  the  general  derivative 
of  tan-1w  in  compact  form  and  is  useful  here  since  f(u)  =  tt_1  d  tan ~lu/du. 
Bertrand’s  result  is  in  slight  error  but,  with  the  proper  correction, 


(6.2  C) 


f{y\u)  =  T  S'!  (-l)fi  sin  T+S  sin  (7  +  1  )y, 


where  sin  y  —  (1  +  u  )  1/2  and  cos  y  =  u{\  +  u)  A/A  Upon  substituting 
u  for  p/\/N  in  (4.11),  with  the  help  of  (4.9),  we  have  D  in  expressed  in 
terms  of  the  derivatives  of  f(u).  Then,  we  use  the  simple  transforma¬ 
tion,  u  =  cot  y  and  substitute  the  values,  (6.2  C).  It  follows  that 

DiN(k;  a0J  •  •  •  ,an)  =  i)k^N+k)/2  f  cosn+k  y  cosec  y 

•A) 

(6.3  G) 

II  sin  (a,-  +  \)y)dy. 


2\ — 1/2 


i=° 

These  integrals  are  evaluated  by  expanding  the  trigonometric  functions 
of  the  multiple  angles  in  terms  of  sin  y  and  cos  y.  The  values  required 
are  tabled  below. 

Derivatives  of  the  squared  hyperbolic  secant  density  may  be  obtained 
simply  by  repeated  differentiation.  Even-order  derivatives  are  poly¬ 
nomials  in  sech2  u/ 2;  odd-order  derivatives  are  products  of  such  poly¬ 
nomials  and  tanh  u/2.  Integrals,  DIN  ,  vanish  unless  the  sum  of  the  orders 
of  the  derivatives  is  even.  Thus,  when  u  replaces  p/y/N  in  these  inte¬ 
grals,  tanh  u/2  appears  with  an  even  exponent  and  such  functions  may 
be  expressed  in  terms  of  sech2  u/2.  It  follows  that  all  DIN  depend  on  in¬ 
tegrals  of  the  form, 


(6.4  S) 


q)  =  [  xp  sech29  x/2  dx  =  2q  [  xp(l  +  cosh  x)' 
Jo  Jo 


dx, 


where  p  is  a  positive  integer  or  zero  and  q  is  a  positive  integer. 
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I(p,  q )  is  not  in  general  an  elementary  function;  however  the  following 
recursion  relations  are  useful: 


l(p,q)  =  t^- — r!  Bp,q  _  D 


(6.5  S) 


and 


(2 q  -  1) 


2 pip  -  1) 


lip,  q)  = 


(< 1  ~  D(2 q  ~  X) 

2(9  -  1) 


I(p  -  2,  q  -  1),  p  ^  2, 


(22  -  1) 


/(p,  9-1) 


(6.6  S) 

The  second  relation  is  used  when  p  =  1  and  its  last  term  is  then  easily 


—  --~2  P  f  xv  1  (1  +  cosh  x)q  sinh  x  dx. 

(2 q  -  1)  o 


TABLE  I 


Values  of  I(p,  q ) 


pq 

2 

3 

4 

5 

6 

7 

1 

1.18173 

2 

0.84963 

3 

1.24309 

0.41099 

4 

0.86625 

0.41994 

5 

4.56605 

1.54594 

0.91750 

6 

4.13962 

2.23589 

1 . 57450 

7 

29.25208 

6.80901 

2.44526 

1.82169 

8 

17.08400 

8.28641 

2.98001 

0.48996 

9 

11.91614 

4.43072 

2.57293 

integrable.  Repeated  use  of  the  reduction  formulae  will  terminate  with 
one  or  more  of  the  integrals6: 


(6.7  S) 


f  x2a(l  +  cosh  x)~l  dx  =  2(22“_1  -  \WaBa, 

Jo 

[  x2a+\l  +  cosh  x)_1  dx 
Jo 

=  4r(2a  +  2)  jj^=A]  g  (2 j  +  l)-(2“+1), 


a  ^  1, 


6  Ba  is  the  ath  Bernoulli  number,  and,  of  the  various  definitions  of  these  numbers,  the  one  used  here 
is  that  is  the  coefficient  of  x2a/ (2a)!  in  the  expansion  of  xex/{ex  —  1).  B\  =  1/6,  B2  =  1/30,  B3  =  1/42, 
Bi  =  1/30,  Bs  =  5/66. 
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cosh  x)  1  dx  —  2  loge  2, 


cosh  xTb  dx  =  2b~1(S(b,  b). 


and 


The  values  of  I(p,  g),  which  we  shall  require,  are  shown  in  Table  I. 

The  coefficients,  DIN  ,  are  given  for  both  the  Cauchy  and  the  squared 
hyperbolic  secant  densities  in  order  in  (6.9  CS).  We  abbreviate  by 
setting 

(6.8  CS)  |8  ^ ,  n~^^)  =  6(*‘>  j)  and  I(n  +  i,n  +  j)  =  d(i,  j). 

Then  we  list: 

(6.9  CS)  k  =  0  7o  =  NNI\-\  A„  =  NNI22~2N. 


Din(0;  0,  •  •  • 


k  —  2  72 

Din(2)  2,  0,  •  •  • 


Din(2‘,  1,  1,  0,  •  •  • 

k  =  4  y. 


4;  4,  0,  *  *  • 


D/a'(4;  3,  1,0,  *  •  • 


Di iv(4;  2,  2,  0, 


DM 4;  2,  1,  1,  0,  •  •  • 


,0)  =  70  6(1,  l)/2;  Ao  d{ 0,  1). 
Ar(W+2),V_JV,  A2  =  N<n+2)I2 2-™/2\ 

,0)  =  72{|6(3,1)  -26(3,3)!; 

A2{(2(2, 1)  -  M2,  2)  |. 

,0)  =  272  6(5,  1);  2A2jd(2,  1)  -  d( 2,  2)). 
N(n+ on*-*'  Ai  =  ^<a-+4,/22-2»,/4! 

,  0)  =  74(46(5,  1)  -  106(5,  3)  +  86(5,  5) } ; 

A4{(2(4,  1)  -  -VM 4,  2)  +  -VM4,  3)}. 
,0)  =  74(86(9,  1)  -  46(7,  1)|;  A4(4(2(4,  1) 
-  16(2(4,  2)  4-  12d(4,  3)j. 
,  0)  =  74(16(5,  1)  -  126(5,  3)  +  86(5,  5)  | ; 

A4(  6(2(4, 1)  -  18(2(4,  2)  +  ¥<2(4, 3)). 
,0)  =  74(66(7,  1)  -  86(7,  3)!; 

A4  ( 12(2(4, 1)  -  30(2(4, 2)  +  18(2(4, 3)  | . 


DM 4;  1,  1,  1,  1,  0, 


,0)  =  8746(9,  1);  A4( 24(2(4,  1) 

-  48(2(4,  2)  +  24(2(4,  3)j. 

2c  =  6  76  =  jV^+wy-",  a6  =  2V(a,+6)/22_2W/6! 
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D,X(G;  6,  0,  •  •  • 


ZM6;  5,  1,0,  •  •  • 


-D/jv(6;  4,  2,  0,  •  •  • 


Z>™(6;4,  1,  1,0,  ••• 


Din(6j  3,  3,  0,  •  •  • 


ZM6;  3,  2,  1,  0,  •  •  • 


■D/a,(6;  3,  1,  1,  1,  0,  ••• 


D,k( 6;  2,  2,  2,  0, 


,0)  =  7e|326(13,  1)  -  406(11,  1) 

+  126(9,  1)  -  i&( 7,  1)|; 
A6{(2(6,  1)  -  ^rf(6,  2)  +  105(2(6,  3) 

-  6,  4)). 
,  0)  =  76  {326(13, 1)  -326(11, 1)  +  66(9, 1)  j; 

A„{6d(6,  1)  -  96(2(6,  2)  +  225(2(6, 3) 

-  135(2(6,  4)}. 

,0)  =  7e  {¥6(7,  1)  -  406(7,  3) 

+  646(7,  5)  -  326(7,  7)1; 
Aoj  15(2(6,  1)  -  135(2(6,  2)  + 

iJ^d(6,  3)  -  6,  4)1. 

,0)  =  7a!  106(9,1)  -  406(9,3)  4-326(9,5)); 
Ae{  30(2(6,  1)  -  255(2(6,  2) 

4-  450(2(6,  3)  -  225(2(6,  4)1. 
,0)  =  7al326(13, 1)  -  326(11,  1) 

4-  86(9,  1)1; 

Ae|  20(2(6,  1)  -  140(2(6,  2) 

4-  300(2(6,  3)  -  180<2(6,  4)j. 
,0)  =  7a{246(ll,  1)  -  126(9,  1) 

-  326(11,  3)  4-  166(9,  3)1; 
A„|  60(2(6,  1)  -  330(2(6,  2) 

4-  540(2(6,  3)  -  270(2(6,  4)). 
,0)  =  7«{326(13,  1)  -  166(11,  1)} ; 

A6|  120(2(6,  1)  -  600(2(6,  2) 

4-  840d(6,  3)  -  360(2(6,  4)j. 
,0)  =  7a I  ¥6(7,  1)  -  546(7,3) 

4-  726(7,  5)  -  326(7,  7)}; 
A«{  90(2(6,  1)  -  405(2(6,  2) 

4-  ¥¥(2(6,  3)  -  ±¥5(2(6,  4)1- 
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D,n{ 6;  2,  2,'  1,  1,#,  •  -  ,  0)  =  7«!  186(9, 1)  -  486(9, 3)  +  326(9, 5) } ; 

A6 1 180rf(6,  1)  -  720(6(6,  2) 

+  945(6(6,3)  -  405(6(6,  4)}. 

D/jt(6;  2,1,  1,  1,  1,0,  •••  ,0)  =  76)246(11,  1)  -  326(11,  3)); 

A6 1360(6(6,  1)  -  1260(6(6,  2) 

+  1440(6(6,  3)  -  540(6(6,  4)). 
D,„( 6;  1,  1,  1,  1,  1,  1,  0,  •  •  •  ,  0)  =  32766(13,  1); 

A6(  720(6(6,  1)  -  2160(6(6,  2) 

+  2160(6(6,  3)  -  720(6(6,  4)}. 


The  distribution  functions  of  t  may  now  be  obtained.  The  sets  of 
coefficients  (6.9  CS)  are  combined  with  the  set  (5.3)  in  (4.13).  For  the 
Cauchy  density, 


r .. 

f"(fB(4>) 

J-  00 

P(z)  IT  dzi 

4.-0  1 


(6:10  C) 


S„-i  A/(„-i)/20  (n  +  1  n  +  1^ 

^  \  2  ’  2  /  C°8’ 

7)  —I—  1 

«  =  0,  2,  4,  6,  coo  =  1,  coo - 

n  z 

=  3  (ra  +  1)(  — 2ra3  -  5ra  +  29ra  +  14) 

W4  ( n  +  2  )2(ra  +  4) 

15  (n  -!•  1)(  —  14w5  -  375n4  -  146«3 
coe  =  +  3927n2  +  3274n  +  48) . 

(n  +  2)2(n  +  4  )2(n  +  6) 


In  the  second  example,  for  the  squared  hyperbolic  secant  density, 


r  f 

V—  OO  v—  c 


(6SB,(<6) 

(64>s 


P(*)  n  dZi  = 

$=o  i  Zzn 


'(»- D/2 


As , 


A2  = 


«  =  0,  2,  4,  6, 
(n  +  1) 


:  2 


Ao  =  1), 

I(n  +  2,  n  +  2), 


2 
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(6.11  S) 


X4  =  +  *2,  f  (re2  +  6 re  +  2)7(re  +  4,  n  +  3) 


Xe  — 


22(n  +  2) 
-15(n  +  1) 


—  2 nl  (n  +  4 ,  n  +  2) } , 


{4n2/(n  +  6,  n  +  2) 


23(n  +  2)(n  +  4) 

-  (6n3  +  68n2  +  24n  -  8)I(n  +  6,  n  +  3) 

+  ( n  +  17 n  +  104n2  -  230n  +  288 )I(n  +  6,  n  +  4)}. 

The  cumulative  distribution  function  of  t  for  the  Cauchy  distribution 
is  at  once  found  by  substituting  the  values  of  (6.10  C)  in  (3.11).  $n_i 
is  replaced  by  its  value  (5.1).  When  t  >  0, 

n  +  1  n  + 

NN,2^n-2),2  P  \ 


Jn+  1  n  +  1\ 

NKnni’HWtfi\—2~,~2~) 

"W  ~  1  ”  ‘  __ (iV+1)  12 - ,  /n\ - 


(6.12  C) 


1  + 


a) 


+ 


r  w 

re3(re  +  1)  (14  +  29  re  —  5  n  —  2  re3) 


k]  + 
k 


n(n  +  1) 

2 (re  +  2) 2  \<V  '  222!(re  +  2 )2(re  +  4)2 

re4  (re  +  1)(48  +  3274re  +  3927re2 

-  1460re3  -  375re4  -  14re5) 


233  !(re  +  2)2(re  +  4)2(re  +  6): 


+  0  (t~a)  k 


Similarly,  for  the  squared  hyperbolic  secant  density, 

Q  nl2AT(N+2)/2  !  (n-2)/2 

GAD  =  1  -  2x  "  n 


\ 


+ 


tei3S) 


22NT(n/2)tn 

I(n,  re  +  1)  re2/ (re  +  2,  re  +  2)  / 1 

(re  +  1)  2.2!(n  +  2)  \t2 

3re3  { (re2  4~  6 re  4~  2)/(re  4~  4>  re  4~  3)  —  2re/  (re  4"  4,  re  4~  2) } 
224 !  (re  +  2)  (re  4-  4) 

/l\  15re4 

’  \<7  236!(re  4-  2)  (re  +  4)  (re  +  6) 

{4re2/(re  4-  6,  re  4-  2)  —  (6re3  4-  68re2  4-  24re  —  8) 

•/(re  4-  6,  re  4-  3)  4-  (re4  4-  17re3  4-  104re2  -  230«  4-  288) 


/(re  4-  6,  re  4-  4)  j  (  —  )  4"  0(i  8) 


(?)  +  0(<">]- 
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GN(t)  has  been  evaluated  for  sample  sizes  up  to  five.  For  the  Cauchy 
density,  we  have  the  series, 


°2(t)  =  1  _  M1 


+  32^  +  .i  +  7^6  +  °#  *> 


gM  =  i  — 


(6.14  C) 


3a/3 

tt2  H2 


i  +  —  +  —  +  +  o(r8) 

^  8 t2  ^  16J4  ^  256*6  ^  1  ; 


G$(t) 


1 _ ^  |i 


+  18  +  *L 

5V  527 n* 


2332 

5272<6 


+  o  (r8) 


r  (A  -  i  75V5  /.  .  10 
GM  ~  1  ”  32x¥  l1  +  W 


_6_5_  _  355  ,  8)\ 

48 <4  24(6  '  (  'j 


and  for  the  square  hyperbolic  secant  density,  we  have 


Gzif)  =  1 


0.29543  /, 


Gs(t) 


1  - 


0.43342  f 


t2 


1  - 


(6.15  S) 


0T1983 

+  +  °^233  +  or) 

0.76466 

t 2 

+  087123  +  1.17213  +  0(r8) 


tG 


Gi(t)  =  1  — 


0.55910  / 
&  1 


4.01820 


t2 

+  2Af2  +  “5“  +  or) 


~  ,  1.81014  (  12.49756 

Gb{t)  =  1  -  —p—  -  - j2 - 


1.61817 

£4 


+  o(r6) 


The  values  of  I(p,  q)  in  Table  I  have  been  substituted  in  (6.13  S)  to 
obtain  this  second  set  of  distribution  functions. 

The  probability  that  |  t  |  exceeds  some  U  may  be  obtained  directly 
from  GN{t)  for  both  examples  since  each  has  a  symmetric  density  func¬ 
tion.7  Figures  I  and  II  show  the  probability  of  |  i  |  exceeding  U  plotted 
against  U  for  the  Cauchy  examples  of  (6.14  C).  A  logarithmic  scale  is 
used  for  t0  and  values  for  the  “Student”  distribution  are  also  shown 
for  the  purpose  of  comparison.  Figures  III  and  IV  show  similar  plots 
for  the  squared  hyperbolic  secant  example. 


7  For  populations  with  skew  density  functions  it  is  necessary  to  use  (3.13)  as  well  as  (3.11). 
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VALUES  OF  t0 
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THE  GENERALIZATION  TO  TWO  OR  MORE  SAMPLES 

We  have  obtained  general  expressions  for  the  density  function  and  the 
cumulative  distribution  function  of  t  for  a  sample  of  size  N  from  popu¬ 
lations  whose  density  functions  f(u),  satisfy  certain  specified  con¬ 
ditions.  The  methods  employed  may  be  generalized  to  include  the 
analogous  two-sample  and  /c -sample  problems  when  the  populations 
are  similarly  described.  The  sequences  of  transformations  which  have 
been  used  permit  the  required  generalizations  and,  when  more  than  one 
sample  is  considered,  the  linear  and  spherical  transformations  are  per¬ 
formed  in  the  same  order  as  before.  We  state  the  results  obtained  and 
again  refer  the  reader  to  footnote  2. 

In  this  section,  2  denotes  a  summation  over  i,  with  i  taking  the  values 
1,  •  •  •  ,  k  and  S  denotes  a  summation  over  a  for  the  values  1,  •  •  •  ,  AL  . 
II  and  M  represent  respectively  the  corresponding  products  and  2', 
S' ,  II'  and  M'  are  sum  and  product  symbols  defined  as  above  with  the 
exception  that  their  upper  limits  of  operation  are  all  reduced  by  unity. 
Ni  is  the  number  of  observations  in  the  zth  sample. 

The  t  statistic  used  to  test  hypotheses  on  the  means  of  two  samples, 
Xu  ,  •  •  *  ,  xNii ,  i  =  1,2,  when  the  samples  are  assumed  to  come  from 
populations  whose  density  functions  differ  at  most  in  location,  is 

(7.1)  t  =  N~m(nNi Nz)1I2(xi  -  x2)/{Z S(xai  -  x,)2(1/2, 

where  N  =  Ni  ,  n  =  N  —  2,  and  2  is  the  described  summation 

with  k  =  2.  On  the  hypothesis  that  the  means  of  the  populations  from 
which  the  samples  are  drawn  are  equal,  each  population  may  be  de¬ 
scribed  by  the  density  function, /(w).  Then,  the  density  function  of  t  is 

<?'«)  =  N (iVi N2)m nnl2 jT<n+1)  f  ■■■  T 

oo  oo 

(7.2)  -[UM'fiu  -  (-l)W AT2)(-1)i/2P(M)  +  Vn 
•[n/[tt  -  (-l)WiV2)<-1>*',2P(M)  -  Vnt-1  £'«.,)] 

P(u)  du  TIM'  diiai 

with 

p(u)  =  irin{xs'uli  +  2(S'uai)Y2. 

The  cumulative  distribution  function  of  t  majr  be  expanded  in  a  series 
as  before.  This  expansion  is 


28 


The  Virginia  Journal  of  Science 


[January 


(7.3) 


G(t)  =  1  -  N(NlN2)ll2T(n)nnl2{T,-r-^rT-, 

5=0  ( n  +  2s) ! 


<f  £($) 

d¥2s““ 


P(u)  dullMf  duc 


when  t  >  0  and  provided  the  series  converges.  Terms  in  the  series  may  be 
simplified  since 


r .. 

rd2sBW 

J — 00 

i-oo  d4>2s 

$=o 


P(u)  duUM'  duai  =  \{NNlNi)-1'\2s)\ 


(7.4)  E  0 

r=0 


Ni  +  2r  -  1  iV2  +  2s  -  2r 


-1) 


E 

comb. 

HH - f-a)V1-i=2r 


E 


with 


(7.5) 


coi^..  Cifr1(2r;a)CiN2(2s  —  2r\b)DINlKi(2r,2s  —  2r;a,b) 

-&)V2-l=2s-2r 

*00  /.00 

DINlN2(2r,  2s  —  2r;  a,  b)=  /  p' 

V —  00  JQ 


N+2s-2 


/'““-■’{m  +  (Ar2/AT7VI)1,-Ip} 


1/2 


n 


aa_i 


-  (vyivtv2)1/2p} 


du  dp. 


The  coefficients  CINl  and  Ctn2  arp  identical  with  those  in  (4.12)  when 
N  is  replaced  by  N\  and  W2  .  When  t  <  0,  a  similar  series  is  obtained. 
Then,  we  define  D?NlNi  like  DINlN 2  with  the  exception  that  —  p  replaces 
p  in  the  arguments  of/,  and  the  cumulative  distribution  function  of  t 
becomes  1  —  (7*(  |  t  |)  where  G*(  \  t  |  )  is  G(t)  defined  by  (7.3)  and 
(7.4)  with  |  t  |  replacing  t  and  D*Nlv2  replacing  DIN2n2  .  The  integrals 
DZNin2  and  D?NlN2  are  of  multiplicity  two  and  must  be  evaluated  for 
each  density,  f(u),  separately. 

The  analogous  Tc-sample  test  depends  on  the  statistic 

(7.6)  F  =  thSNM  -  x)2/{mSS(x„r-  ic,)2} 

where  N  =  ,  rii  =  k  —  1,  and  n2  =  N  —  k.  The  density  function  of 

F  may  be  shown  to  be 

G'{F)  =  \N(N  -  :Y 

2  /.oo  p  oo  k — 2  .  !  *  . 

E/  •••  /  (nB7)P(M)P”2(M)VM.n</MiII  M’dUai 

7=1  J—  00  j—  00  1 


(7.7) 
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where  P(u)  =  (2 SVai  +  2( S'uai)2}ll2/{N(N  -  iV*)}1'2, 

/  k _ 2  /1c _ 2 

Q(u )  =  (n^/wi)1/2-i  SS'Uai  -f-  2(SrUat)2  -f-  Z  u2  +  Nic 


21  1/2 


(fc-2  \  3 

Z  W j 

{ss'm2,-  +  2(s'M„i)2r1/2, 

B?  =  f{Ui  +  (~iy\iP(u)  -  F~mQ(u)S'uai] 

M’f{Ui+i-iy\,P(u. )  +  F~ll2Q(u)uai} 

with 

Ui  =  u  +  NJ1,2Ui,  i  =  1,  — ,  (ft  —  2), 


J/*_i  =  u  -  Nlh  E  iV 


1/2 

i  j 


£4  =  u, 


Xi  =  jvi'2, 


i  =  1,  •  •  •  ,  (fc  -  1),  A*  =  -N^U2(N  -  JVt). 
The  cumulative  distribution  function  of  F  becomes 


(7.8) 


««  -.-rWr~{|K^(>>+£-')w* 

00  2  d2sBy(<t>) 


/OU  /•  oo  ^ 

•••  /  £ 

oo  *A— oo  7=1 

/oo  /.oo  2 
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where  ^fd)  denotes  a  summation  over  all  permutations  di  +  •  •  •  + 
dk  =  s,  is  a  summation  over  all  combinations  aQi  +  •  •  •  +  aNi-i,i  = 

2 di ,  i  =  1  ,•••,&,  and  is  the  same  set  of  coefficients  obtained 
before.  The  explanation  of  (7.9)  is  complete  when  we  write 
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2>/  is  a  k- fold  integral  which  must  be  evaluated  for  each  population 
considered.  It  depends  indirectly  on  di  and  s  since  Udi  =  s  andy^Lo1 
aai  =  2 di  ;  di  represents  the  vector,  (do i ,  •  •  •  ,  dNi-lti). 

It  may  be  shown  that  when  ri\  =  1,  the  expression  (7.8)  for  G(F) 
is  equivalent  to  the  cumulative  distribution  function  of  t 2  obtained  by 
combining  G(t)  in  (7.3)  with  the  similar  expression  fol  the  cumulative 
distribution  function  of  t  when  t  <  0. 

DISCUSSION 

The  examples  on  the  Cauchy  and  the  squared  hyperbolic  secant 
populations  indicate  that  as  the  sample  size  increases,  more  terms  of  the 
series  may  be  required  to  calculate  the  probabilities  that  specified  values 
of  the  statistics  be  exceeded.  The  rapidity  of  convergence  appears  to 
decrease  as  the  sample  size  increases  and  the  value  of  the  statistic  de¬ 
creases.  Due  to  the  complexity  of  the  methods,  a  consideration  of  the 
convergence  of  the  distribution  functions  was  unsuccessful.  It  is  hoped 
that  further  work  may  be  forthcoming  on  this  point. 

It  is  interesting  to  note  that  the  coefficients,  CIN  ,  appear  in  all  three 
problems  and  need  only  to  be  evaluated  once  since  they  are  independent 
of  the  population  considered.  These  coefficients  have  been  evaluated 
for  the  first  four  terms  of  the  series  but  become  increasingly  numerous 
and  complex  as  more  terms  are  considered..  Additional  values  should  be 
obtained  but  require  improved  computing  methods. 

The  series  expansions  may  be  used  to  obtain  the  power  functions  of 
the  statistics  t  and  F.  f(u )  may  be  replaced  by  f(u  —  a),  where  a  is  a 
measure  of  location,  and  the  coefficients  CIN  will  be  unchanged.  When 
both  scale  and  location  parameters  are  present,  the  measure  of  non¬ 
centrality  will  be  d/c,  where  c  is  the  scale  parameter.  Some  difficulty 
may  be  introduced  in  the  evaluation  of  the  D-integrals  but  their  multi¬ 
plicities  will  be  unchanged. 
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Institute  and  the  Virginia  Agricultural  Experiment  Station.  The  figures 
were  drawn  by  Mr.  G.  J.  Lombardi. 

SUMMARY 

The  probability  density  functions  of  t  and  of  F  have  been  expressed 
as  multiple  integrals  of  multiplicity  one  less  than  the  sample  size  and 
whose  ranges  of  integration  are  unlimited.  The  methods  are  appropriate 
for  non-normal  density  functions  satisfying  rather  mild  conditions. 

The  Taylor  expansion  is  used  to  expand  the  cumulative  distribution 
functions  of  t  and  of  F  in  power  series  in  t~l  and  F~l.  The  series  are 
based  on  the  density  functions  described  immediately  above.  The  coef¬ 
ficients  in  the  expansion  depend  on  integrals  whose  multiplicities  are 
equal  to  the  number  of  groups  of  observations  in  the  sample.  Two 
examples  are  included  in  section  6.  They  substantiate  the  opinion  that 
the  effects  of  moderate  departures  from  normality  may  not  be  serious  in 
the  analysis  of  variance. 

Certain  problems  associated  with  this  work  still  require  solution. 
However,  this  is  the  first  study  by  analytical  methods  of  the  effects  of 
non-normality  for  a  general  class  of  populations  using  specified  density 
functions. 
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A  Comparison  of  the  Gross  Effects  of  Insulin 
Injection  in  Normal  Mammals,  Birds  and 
Poikilotherms 

D.  R.  H.  Gourley 
Department  of  Pharmacology 
University  of  Virginia  Medical  School 

In  the  period  which  has  elapsed  since  Banting  and  Best  (1922) 
first  demonstrated  the  internal  secretion  of  a  hormone,  insulin,  by  the 
islets  of  Langerhans  in  the  pancreas,  a  vast  amount  of  research  has  been 
directed  at  elucidating  the  various  functions  performed  by  the  hormone 
in  the  living  organism.  Much  of  this  research  has  necessarily  involved 
the  use  of  animals  or  specific  tissues  of  animals  of  a  variety  of  species. 
The  results  obtained  have  been  frequently  applied  a  priori  to  the  human 
species.  That  different  species  react  differently  to  removal  of  the  pan¬ 
creas  has  been  pointed  out  by  Peters  and  Van  Slyke  (1946).  It  is  the 
purpose  of  the  present  communication  to  review  the  effects  produced  by 
administration  of  insulin  to  intact  animals  of  different  species. 

The  concentration  of  insulin  in  the  pancreas  is  reasonably  con¬ 
stant  from  species  to  species.  Normal  values  have  been  reported  for  fish, 
chickens,  ducks,  mice,  rats,  guinea  pigs,  rabbits,  cats,  dogs,  cattle,  pigs, 
sheep,  horses,  monkeys,  chimpanzees  and  men  (Haist,  1944).  The  in¬ 
sulin  preparation  used  almost  exclusively  at  the  present  time  is  isolated 
from  beef  and  pork  pancreas.  While  this  hormone  preparation  has  quali¬ 
tatively  similar  effects  in  all  vertebrates,  it  has  been  shown  that  there  are 
gross  quantitative  differences  in  the  reactions  of  various  species  to  in¬ 
jection  of  insulin  (Macleod,  1923,  1926). 

Effects  in  mammals . — The  main  effects  of  injecting  insulin  into 
mammals  are  very  striking.  The  blood  glucose  level  falls  rapidly  and  the 
animal  is  said  to  be  in  a  state  of  hypoglycemia.  If  the  level  of  blood 
glucose  falls  below  a  definite  value,  which  differs  from  one  mammal  to 
another,  highly  characteristic  symptoms  supervene.  These  are  known  as 
the  “hypoglycemic  symptoms”  and,  in  general,  are  characterized  by  con¬ 
vulsions  or  coma,  or  both. 

In  the  rabbit,  the  fall  in  blood  glucose  sets  in  almost  immediately 
after  the  injection  of  insulin  so  that  after  thirty  to  forty-five  minutes  it 
stands  at  about  one-half  its  normal  value.  Definite  convulsions  appear  if 
the  blood  glucose  level  falls  below  this  value  (45  mg.  %)  which  usually 
occurs  following  a  dose  of  one  to  five  units1  per  kg.  body  weight.  The 

1.  By  definition  1  mg.  of  sine  insulin  crystals  contains  22  international  units 
of  insulin. 
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typical  effect  of  insulin  on  the  blood  glucose  of  the  dog  is  very  similar 
to  that  observed  in  rabbits,  with  the  difference  being  that  the  fall  is 
not  as  steep.  The  minimum  blood  glucose  level  (about  one-half  the 
normal  level)  is  reached  in  two  hours  or  more,  and  when  the  dose  is 
about  23  units  per  kg.,  convulsions  are  observed  in  from  four  to  five 
hours.  The  cat  and  rat  react  in  much  the  same  manner  as  the  dog.  In 
man  the  blood  glucose  decreases  more  slowly  after  insulin  injection.  When 
the  concentration  of  blood  drops  to  70  or  60  mg.  %,  the  general  symp¬ 
toms  may  become  so  severe  that  it  is  necessary  to  administer  glucose  as 
an  antidote.  However,  in  man,  variations  between  individuals  are  very 
great  in  this  respect.  A  blood  glucose  level  of  35  mg.  %  is  usually 
accompanied  by  unconsciousness.  Among  the  mammals  on  which  good 
information  is  available,  the  mouse,  rat,  dog,  and  man  display  about 
equal  sensitivity  to  insulin  while  the  rabbit  is  three  to  four  times  as 
susceptible. 

Effects  in  birds. — It  has  been  established  that  birds,  as  a  whole,  are 
affected  less  by  insulin  than  mammals  (Chen  et  al.,  1945,  Sordelli  et  al., 
1923).  However,  even  among  different  species  of  birds,  there  is  a  wide 
difference  in  sensitivity.  Both  the  horned  owl  ( Bubo  virginianus ) 
(Nelson  et  al.,  1942)  and  the  Pekin  duck  (Chen  et  al.,  1945)  are  rela¬ 
tively  sensitive  to  insulin,  the  latter  having  convulsions  as  early  as  two 
hours  after  receiving  adequate  doses  of  insulin.  The  pigeon  is  more 
tolerant  to  insulin  than  the  duck,  and  some  specimens  can  withstand  up 
to  150  units  within  24  hours,  showing  only  a  50%  reduction  in  blood 
glucose  (Stare  and  Baumann,  1940).  Domestic  fowl  (white  Leghorns, 
Plymouth  rocks,  Rhode  Island  reds),  however,  appear  to  be  very  resistant 
to  insulin;  doses  of  10  to  130  units  per  kg.  may  lower  the  blood  glucose 
level  to  25%  of  the  normal,  but  although  the  birds  get  weak  when  the 
blood  glucose  is  so  low,  no  convulsions  appear  (Cassidy  et  al.,  1926).  The 
observations  of  Chen  and  his  co-workers  (1945)  on  roosters  (white  Leg¬ 
horn)  are  in  accord  with  this  finding.  They  report  that,  of  nine  roosters 
injected  with  doses  varying  from  100  to  500  units  of  insulin  per  kg., 
only  one  had  ataxia  and  two  fell  on  their  sides,  but  all  appeared  normal 
the  next  day. 

Effects  in  poikilotherms. — Cold-blooded  vertebrates  also  exhibit  a 
marked  resistance  to  insulin.  Moreover,  it  was  noted  very  early  that  in 
cold-blooded  animals  it  was  impossible  to  correlate  the  symptoms  usually 
associated  with  hypoglycemia  with  the  blood  glucose  level.  In  some 
species  the  blood  glucose  level  may  fall,  but  convulsions  do  not  appear 
until  much  later,  while  in  other  species  insulin  injection  may  cause  con¬ 
vulsions  but  the  fall  in  the  blood  glucose,  if  it  occurs  at  all,  is  not 
detected  for  a  matter  of  days  later. 

Houssay  and  his  co-workers  (1924,  Sordelli  et  al.,  1923)  found 
that  injection  of  large  amounts  of  crude  insulin  into  a  variety  of  cold¬ 
blooded  animals  of  the  Argentine  (including  some  reptiles)  eventually 
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lowered  the  blood  glucose  level  and  produced  convulsions.  But  the 
appearance  of  the  two  effects  did  not  coincide  in  these  animals,  and  all 
animals  died  several  days  after  the  injections.  Small  crocodiles  ( Caiman 
sclerops ),  for  example,  were  hypoglycemic  one  day  after  crude  insulin 
injections,  showed  hypoglycemic  symptoms  on  the  third  or  fourth  day, 
and  died  in  seven  to  ten  days  (Houssay  and  Rietti,  1924). 

The  cold-blooded  animal  which  has  been  most  thoroughly  studied 
in  relation  to  insulin  effects  has  been  the  frog.  Abderhalden  (1924)  was 
one  of  the  first  to  note  that  frogs  tolerate  remarkably  high  doses  of 
insulin.  In  more  detailed  studies,  Olmsted  (1924,  1927)  and  Huxley  and 
Fulton  (1924)  observed  that  frogs  at  room  temperature  did  not  convulse 
earlier  than  24  hours  after  insulin  injection.  The  insulin  convulsions  in 
frogs  have  been  described  accurately,  and  it  has  been  observed  that  the 
onset  of  the  symptoms  is  greatly  accelerated  by  warming  the  injected 
frogs  (Huxley  and  Fulton,  1924,  Olmsted,  1924).  The  same  result  ob¬ 
tains  when  insulin-injected  toads  are  warmed  (Olmsted,  1926).  More 
detailed  studies  of  the  effects  of  insulin  on  the  blood  glucose  level  and 
the  onset  of  convulsions  were  made  by  Gabbe  (1925)  with  the  European 
frog  ( Rana  temporaria)  and  by  Barlow,  Vigor  and  Peck  (1931)  with 
“grass  frogs”  (probably  Rana  pipiens ).  In  both  species  it  was  found 
that  the  appearance  of  convulsions  anteceded,  and  was  apparently  inde¬ 
pendent  of,  the  drop  in  blood  glucose  concentration.  Gourley  and  Fisher 
(1951)  confirmed  these  observations  in  Rana  pipiens ,  and  found  that  the 
injection  of  3.0  x  10-2  units  of  insulin  per  ml.  of  body  fluid  caused 
convulsions  to  occur  within  24  hours  and  a  50%  decrease  in  the  blood 
glucose  concentration  after  48  hours.  A  concentration  of  10"8  units  of 
insulin  per  ml.  of  body  fluid  had  none  of  these  effects.  Olmsted  (1924), 
who  thought  that  the  blood  glucose  level  of  insulin-injected  frogs  re¬ 
mained  normal,  failed  to  observe  hypoglycemia  only  because  he  made 
his  determinations  at  the  time  of  convulsions.  It  will  be  noted  that  the 
order  of  appearance  of  the  two  effects  in  mammals  is  reversed  in  the  frog. 

Olmsted  (1924)  described  peculiar  symptoms,  considered  by  him 
to  be  related  to  hypoglycemia,  which  were  observed  two  days  after  the 
injection  of  insulin  into  fresh  water  catfish  ( Ameiurus  nebulosus ). 
McCormick  and  Macleod  (1925)  observed  similar  symptoms  in  the  sculpin 
( Myoxoceplialus )  and  the  sea  raven  ( Hemitripterus )  several  days  after 
insulin  injection  but  were  unable  to  demonstrate  that  the  insulin  injection 
caused  the  normally  low  blood  glucose  to  become  further  lowered.  Maclcod 
(1926)  was  inclined  to  feel  that  asphyxia  rather  than  hypoglycemia  may 
have  been  partly  responsible  for  the  symptoms  observed.  The  possibility 
of  asphyxia  was  eliminated  in  the  carefully  controlled  investigation  of 
Gray  and  Hall  (1930)  which  indicated  that  the  very  active  fishes, 
menhaden  ( Brevoortia  tyrannus) ,  common  mackerel  ( Scomber  scombnis ) 
and  bull’s  eye  mackerel  ( Pneumatophorus  colias ),  suffered  insulin  shock 
in  a  much  shorter  time  than  did  the  moderately  active  scup  ( Stenolovius 
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chrysops).  The  more  sluggish  bottom  feeders,  sea  robin  ( Prionotus  caro- 
linus ),  puffer  ( Spheroides  maculatus )  and  toadfish  ( Opsanus  tau ),. 
showed  no  external  evidences  of  the  effects  of  the  hormone.  Insulin 
appeared  to  reduce  the  blood  glucose  concentration  of  fishes  in  much 
the  same  manner  as  in  mammals,  except  that  a  longer  time  was  required 
for  the  effect  to  occur.  It  is  curious  that  in  fishes,  as  in  birds,  the  blood 
glucose  may  be  lowered  without  any  signs  of  convulsions  appearing.  This 
fact  led  Gray  and  Hall  to  conclude  that  insulin  shock  in  fishes  does  not 
have  so  much  significance  as  has  been  attributed  to  insulin  convulsions  in 
mammals. 

Summary  and  conclusions. — The  association  of  the  blood  glucose 
level  to  the  incidence  of  hypoglycemic  symptoms  in  mammals  suggests  a 
causal  relationship  between  the  two  (Himwich,  1944).  The  suggestion 
appears  to  be  sound  in  view  of  the  fact  that  the  hypoglycemia  which 
follows  removal  of  the  liver  is  also  accompanied  by  the  same  symptoms. 
The  symptoms  are  relieved  immediately  in  both  instances  by  the  admin¬ 
istration  of  glucose.  The  facts  reviewed  above,  however,  indicate  that  the 
same  relationship  does  not  hold  in  birds  and  in  poikilotherms.  Even  in 
mammals  there  are  many  exceptions  (Barlow  et  al .,  1931,  p.  236;  Gabbe, 
1925,  p.  215;  Harris,  1944,  p.  354;  Peters  and  Van  Slyke,  1946,  p.  229). 

It  is  clear  then  that  distinctions  between  the  reactions  of  different 
species  to  insulin  exist.  Mammals  appear  to  be  the  most  sensitive  to 
insulin  while  birds  are  most  resistant  to  the  hormone.  An  extensive  study 
of  the  effect  of  insulin  in  reptiles  has  not  yet  been  made  but  an  amphibian, 
the  frog,  appears  to  be  somewhere  between  mammals  and  birds  in  insulin 
sensitivity.  Peters  and  Van  Slyke  (1946)  suggest  that  these  differences 
may  be  related  to  differences  in  the  inherent  metabolic  processes  upon 
which  the  action  of  insulin  is  superimposed.  These  processes  are  the 
result  of  evolutionary  adaptations  and  insulin  does  not  bring  them  into 
existence  but  may,  by  influencing  the  rates  of  certain  ones,  alter  the 
direction  of  the  metabolism  as  a  whole. 

It  is  interesting  to  speculate  on  the  possible  reason  for  the  species 
difference  in  reactions  to  insulin.  The  birds  of  the  present  period  consti¬ 
tute  an  extraordinarily  successful  and  highly  diversified  group,  probably 
at  the  height  of  their  evolutionary  career  (Newman,  1939).  It  seems 
conceivable,  therefore,  that  birds  might  have  developed  an  independence 
of  whatever  reactions  are  controlled  by  insulin.  In  mammals,  on  the 
other  hand,  certain  processes  might  conceivably  have  become  more  de¬ 
pendent  on  the  action  of  this  hormone.  A  similar  evolutionary  change  has 
been  suggested  by  Beadle  (1945)  to  account  for  the  manner  in  which 
successive  generations  of  microorganisms  lose  some  of  their  synthetic 
abilities  and  become  more  exacting  in  their  nutritional  requirements.  The 
ancestry  of  both  birds  and  mammals  has  been  traced  back  to  primitive 
reptiles,  which  in  turn  developed  from  the  primitive  amphibians.  As  has 
already  been  noted,  frogs  are  more  sensitive  to  insulin  than  birds  but 
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less  sensitive  than  mammals.  It  is  necessary  to  suppose  in  the  present 
speculation  that,  in  respect  to  its  insulin  sensitivity  at  least,  the  modern 
frog  has  not  changed  greatly  from  the  primitive  amphibians  from  which 
it  descended. 

Whatever  reasons  lie  behind  the  species  distinctions  in  the  gross 
effects  of  insulin,  it  is  clear  that  in  animal  experiments  designed  to 
elucidate  the  mechanisms  of  the  hormone’s  action  analogies  to  other 
species  must  be  applied  with  caution. 
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The  Exoskeleton  and  Musculature  of  the 
Appendages  of  the  First  Three  Abdominal 
Segments  of  Cambarus  Longulus  Longulus 
Girard  (Decapoda,  Astacidae)1 

C.  W.  Hart,  Jr. 

University  of  Virginia  and  Florida  State  University 

INTRODUCTION 

Since  Schmidt  (1915)  extended  the  pioneer  work  of  Huxley  (1880) 
by  rendering  a  complete  account  of  the  musculature  of  Astacus  fluviatilis 
(Astacinae)  no  comparable  study  has  appeared  which  deals  with  this  or 
other  groups  of  crayfishes.  Since  the  Cambarinae  is  a  group,  restricted 
to  the  North  American  continent  east  of  the  Rocky  Mountains  (except 
for  introductions  by  man  into  California,  Japan  and  Western  Europe) 
it  seems  desirable  to  examine  the  musculature  of  the  appendage  of  this 
related  but  anatomically  distinct  subfamily  as  exhibited  by  Cambarus 
longulus  longulus  Girard.2 

The  anatomy  of  the  first  three  abdominal  segments,  their  appendages, 
and  a  study  of  the  appendicular  musculature  of  this  crayfish  has  been 
found,  except  for  minor  details,  to  be  identical  with  Schmidt’s  descrip¬ 
tion  of  Astacus  fluviatilis. 

The  muscular  terminology  employed  by  Schmidt  is  adopted  in  this 
study. 

I  wish  to  express  my  thanks  to  Dr.  Horton  H.  Hobbs,  Jr.  who  has 
read  and  criticized  this  manuscript. 

THE  EXOSKELETAL  CONSTRUCTION  OF  THE 
ABDOMINAL  SEGMENTS 

Several  rather  distinct  regions  of  the  exoskeleton  of  the  abdominal 
segments  have  been  distinguished  by  previous  investigators,  and  although 
these  regions  constitute  a  continuous  whole,  it  is  convenient  to  consider 
each  segment  to  be  composed  of  four  basic  sclerites — a  tergite,  a  pair  of 
pleurites,  and  a  sternite  (figures  1-8  and  10). 

The  sternum  of  the  first  abdominal  segment  is  so  constructed  as  to 
form  a  heavy  transverse  ridge  which  projects  ventrally  to  a  marked 
degree.  It  is  on  this  ridge  that  the  first  pair  of  pleopods  articulate 

1.  Contribution  from  the  Miller  School  of  Biology,  University  of  Va. 

2.  The  specimens  on  which  this  study  is  based  were  collected  from  Swift  Run, 
a  tributary  of  the  James  River,  seven  miles  west  of  Stanardsville,  Green  Co.,  Va. 
on  U.S.  Hy.  33,  and  Keswick  Creek,  eight  miles  east  of  Charlottesville,  Albemarle 
Co.,  Va.  on  State  Hy.  22. 
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(figs.  1  and  10).  This  sternal  region  is  clearly  demarked  from  the 
pleural  sclerites  by  obvious  sutures  (fig.  1),  and  the  muscles  which  con¬ 
trol  the  pleopods  have  their  origins  on  the  sternal  sclerite.  This  condition 
is  quite  different  from  that  found  in  the  other  segments  of  the  abdomen 
where  the  sterno-epimeral  juncture  is  at  the  mid-point  of  the  articular 
cavities  and  the  muscles  have  their  origins  on  the  tergum  (figures  2-6). 
However,  the  serial  homologies  of  these  muscles  are  quite  evident  through¬ 
out  the  abdominal  segments.  In  spite  of  the  modifications  of  the  first  and 
second  abdominal  appendages,  the  first  three  show  similarities  in  their 
structure. 

In  view  of  the  fact  that  the  third  pleopod  is  a  more  generalized 
appendage  than  the  first  and  second,  it  is  used  here  as  a  basis  for  com¬ 
parison  of  the  three. 


THE  THIRD  PLEOPOD 

Gross  anatomy — This  appendage,  which  is  attached  at  the  articu¬ 
lar  cavity  situated  between  the  sternal  and  the  pleural  sclerites  of  the 
third  abdominal  segment,  consists  of  a  stalk  which  is  composed  of  a 
short  basal  joint,  the  coxopodite,  followed  by  a  long  cylindrical  second 
joint,  the  basipodite  (figures  3  and  4).  The  coxopodite  forms  a  semicircu¬ 
lar  plate,  and  this  together  with  the  basipodite  is  called  the  protopodite. 
At  the  distal  end  of  the  basipodite  there  are  borne  two  narrow,  flattened, 
multi-articulate  rami,  one  of  which  is  called  the  endopodite,  and  the 
other,  which  is  fixed  slightly  more  distad  on  the  lateral  side  of  the 
basipodite,  the  exopodite. 

The  endopodite,  which  is  larger  than  the  exopodite,  is  undivided  for 
almost  half  its  length.  The  multi-articular  distal  portion,  the  flagellum , 
is  narrow  and  flattened  and  is  divided  into  a  number  of  small  “rings” 
distinguished  from  one  another  by  slight  constrictions  of  the  exoskeleton. 
The  exopodite  is  a  similar  structure,  the  undivided  proximal  portion 
being  shorter  and  not  so  wide.  The  edges  of  both  the  endopodite  and  the 
exopodite  are  fringed  mesially,  distally,  and  laterally  with  long  setae. 

Musculature  (figures  2-4). — Schmidt  (1915:238-241)  names  these 
muscles  and  gives  an  account  of  their  function  as  he  found  them  in 
Astacus  fluviatilis.  However,  since  his  interpretations  of  the  actions  of 
a  few  of  these  do  not  seem  to  obtain  in  Camharus  longulus  longulus,  the 
muscles  of  this  crayfish  are  described  below  and  their  probable  functions 
indicated.  The  names  of  the  muscles  used  in  this  paper  are  the  same  as 
those  used  by  Schmidt. 

Musculus  remotor  III.  pedis  spurii  (rem.)  has  its  origin  in  two 
heads  situated  somewhat  caudad  on  the  broad  surface  of  the  tergum.  The 
two  origins  lie  in  a  longitudinal  axis,  and  the  fibers,  uniting  proximally, 
are  inserted  caudally  on  the  proximal  margin  of  the  coxopodite.  It  is  this 
single  remotor  muscle  which  binds  the  coxopodite  to  the  body  and  moves 
it  backward  in  the  longitudinal  axis. 
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Musculus  rotator  dorsalis  basipoditis  III.  pedis  spurii  (M.  rot.d.) 
originates  cephalad  to  the  two  heads  of  the  remotor  muscle  on  the  broad 
surface  of  the  tergum  and  is  inserted  on  the  proximal  preaxial  margin 
of  the  basipodite.  It  is  subequal  in  size  to  that  of  the  remotor  muscle  and 
moves  the  basipodite  laterally. 

Musculus  rotator  ventralis  basipoditis  III.  pedis  spurii  (M.rot.v.) 
originates  on  the  sternal  sclerite  immediately  caudad  to  the  articular 
cavity,  and  is  inserted  on  the  cephalic  margin  of  the  basipodite  mesiad 
to  the  insertion  of  M.  rotator  dorsalis.  It  moves  the  basipodite  mesially. 
A  forward  movement  is  obtained  by  a  simultaneous  contraction  of  the 
two  rotator  muscles.  These  two,  together  with  the  remotor,  can  move 
the  basipodite  in  either  a  transverse  or  a  longitudinal  plane,  and  there¬ 
fore  are  able  to  cause  it  to  rotate. 

Musculus  reductor  basipoditis  III.  pedis  spurii  (M.red.b.)  originates 
caudally  on  the  coxopodite  distal  to  the  insertion  of  the  remotor,  and  ex¬ 
tending  through  the  entire  length  of  the  basipodite,  is  inserted  postaxially 
on  the  distal  end  of  the  basipodite.  The  function  of  this  muscle  is  de¬ 
pendent  upon  the  relative  positions  of  the  coxopodite  and  the  basipodite. 
This  being  one  of  the  strongest  muscles,  it  forms,  together  with  the  re¬ 
motor,  an  antagonist  for  both  of  the  rotators  of  the  basipodite. 

Musculus  adductor  endopoditis  III.  pedis  spurii  (M. add. end.)  orig¬ 
inates  mesially  near  the  proximal  end  of  the  basipodite  and  is  inserted 
mesially  on  the  proximal  end  of  the  endopodite. 

Musculus  abductor  endopoditis  III.  pedis  spurii  (M.abd.end.)  is 
weaker  than  the  above  mentioned  muscles.  A  short  muscle,  it  originates 
mesially  in  the  distal  third  of  the  basipodite  and  terminates  in  a  small 
tendon  which  is  inserted  on  the  proximolateral  end  of  the  endopodite. 

Musculus  abductor  exopoditis  III.  pedis  spurii.  (M.abd.ex.)  orig¬ 
inates  laterally  on  the  proximal  end  of  the  basipodite,  and  is  inserted 
laterally  in  the  short  basal  part  of  the  exopodite. 

These  last  three  muscles,  M.  adductor  endopoditis ,  M.  abductor 
endopoditis ,  and  M.  abductor  exopoditis  behave  in  such  a  manner  that 
their  actions  are  more  easily  understood  if  they  are  considered  together. 
The  proximal  portions  of  the  endopodite  and  the  exopodite  lie  together 
so  that  the  movement  of  one  causes  the  movement  of  the  other  in  the 
same  direction.  In  this  way  the  three  muscles  are  able  to  serve  as  adduc¬ 
tors  and  abductors  of  both  the  endopodite  and  the  exopodite. 

M.  adductor  endopoditis  and  M.  abductor  endopoditis  serve  a 
double  purpose  as  adductors  for  the  endopodite  and  abductors  for  the 
exopodite,  while  M.  abductor  exopoditis  serves  as  an  adductor  for  the 
exopodite  and  an  abductor  for  the  endopodite.  M.  abductor  endopoditis 
is  an  abductor  of  the  endopodite  only  in  that  it  moves  the  endopodite 
laterally  past  the  median  axis  toward  the  exopodite.  M.  adductor 
endopoditis  also  serves  as  an  abductor  of  the  endopodite  in  that  it  assists 
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M.  abductor  endopoditis.  In  the  same  manner  M.  abductor  exopoditis 
is  an  abductor  for  the  exopodite  only  if  it  moves  the  exopodite  mesially 
past  the  median  axis.  The  action  of  these  muscles,  just  as  in  the  case 
of  M.  reductor  basipoditis ,  is  dependent  upon  the  relative  positions  of  the 
joints  involved. 

Musculus  flagellaris  endopoditis  III.  pedis  spurii  (M.  flag,  end.) 
originates  laterally  in  the  proximal  portion  of  the  basal  part  of  the 
endopodite  just  caudad  to  the  insertion  of  M.  adductor  endopoditis.  It 
traverses  this  segment  to  the  distal  end  and  gives  off  many  sinews,  each 
of  which  is  inserted  on  a  “ring”  of  the  flagellum.  Thus,  by  contractions, 
it  is  able  to  rotate  the  end  of  the  endopodite. 

Musculus  flagellaris  exopoditis  III.  pedis  spurii  (M.  flag,  ex.) 
originates  laterally  on  the  short  basal  segment  of  the  exopodite  and  is 
inserted  by  sinews  to  the  “rings”  of  the  flagellum.  The  action  of  these 
two  flagellar  muscles  is  similar. 

In  the  male  crayfish,  the  third  through  the  fifth  pairs  of  pleopods 
are  practically  identical,  and  in  the  females  the  second  pair  of  pleopods 
are  unmodified  and  are  similar  to  the  third. 

THE  SECOND  PLEOPOD 

Gross  avatomy  (figure  9). — The  appendages  of  the  first  and  second 
abdominal  segments  of  the  male  crayfish  are  not  only  larger  in  size,  but 
they  are  modified  in  other  respects.  The  second  pair  are  of  the  same 
general  structure  as  the  third  and  the  basal  joint  (coxopodite)  still 
retains  its  semi-circular  structure.  Here  it  is  composed  of  two  slightly 
overlapping  sclerites  instead  of  one  continuous  sclerite  and  they  are 
designated  as  coxopodite  “a”  (cx.a.)  and  coxopodite  “b”  (cx.b.).  The 
next  joint,  the  basipodite,  although  larger,  still  retains  the  elongate  cylin¬ 
drical  structure  found  in  the  third  pair  of  appendages.  Extending  from 
the  protopodite,  just  as  in  the  third  pair  of  appendages^  are  an  exopodite 
and  an  endopodite,  the  former  remaining  similar  to  that  of  the  third  pleo- 
pod  and  the  latter  exhibiting  a  striking  modification. 

The  basal  half  of  the  endopodite  is  cylindrical  and  is  similar  to 
the  basipodite.  On  the  mesial  surface  of  the  endopodite,  and  about  three 
fourths  its  length  from  Ahe  base,  is  a  subtriangular  lamella,  the  apex  of 
which  is  directed  dorsally  when  the  pleopod  is  held  against  the  thorax. 
The  distal  fourth  of  the  endopodite  is  a  short  segmented  flagellum  re¬ 
miniscent  of  the  longer  multi-articulate  portion  of  the  endopodite  of  the 
third  pleopod. 

The  exapodite  of  the  second  pleopod  is  comparable  to  that  of  the 
third  except  *hat  it  is  of  greater  size. 

Musculature. — In  the  second  pair  of  pleopods  there  is  little  altera¬ 
tion  in  the  musculature  from  that  pattern  found  in  the  third  pair,  the 
principle  difference  occurring  in  the  increase  in  size  of  the  muscles  that 
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pull  the  pleopod  preaxially — particularly  M.  rotator  ventralis  (figs.  5,  6). 
THE  FIRST  PLEOPOD 

Gross  anatomy. — (fig.  12)  The  coxopodite,  so  easily  seen  in  the 
other  pleopods,  has  all  but  disappeared  in  the  first.  The  two  sclerites, 
cx.a.  and  cx  b.,  seen  in  the  coxopodite  of  the  second  pleopod,  are  greatly 
reduced  in  size  and  no  longer  articulate  with  one  another.  Ex.a.,  (fig.  7) 
the  sclerite  on  which  the  remotor  muscle  is  inserted,  lies  at  the  eaudolate- 
ral  margin  of  the  basipodite  and  is  attached  to  it  by  a  thick  chitinous 
membrane. 

The  penultimate  podomere,  the  basipodite,  which  is  an  obvious  entity 
in  the  other  pleopods,  can  be  distinguished  from  the  distal  one  only  in 
the  second  form  males.3  Here  the  basipodite  is  delineated  from  the 
endopodite  by  a  faintly  perceptible  line  obliquely  traversing  the  ap¬ 
pendage  (fig.  11).  In  the  first  form  males  this  line  can  not  be  seen 
(fig.  12).  The  remaining  two  thirds  of  the  pleopod,  which  exhibits  the 
most  bizarre  modifications  encountered  thus  far,  is  homologous  to  the  en¬ 
dopodite  of  the  other  pleopods*  as  will  be  shown  in  a  subsequent  paper. 

In  the  first  pleopod  there  is  no  movable  articulation  between  the 
basipodite  and  the  endopodite.  the  whole  appendage  is  rigid  and  the 
above  mentioned  oblique  line  serves  only  as  a  reminder  that  at  some  time 
in  the  evolution  of  the  crayfish,  here  probably  existed  a  movable  joint. 

Muscutature. — (figs.  7,  8)  It  would  seem  that  the  first  pair  of 
pleopods  of  the  male  crayfish  would  behave  like  the  others;  however, 
their  movement  is  largely  confined  to  the  longitudinal  axis  of  the  body. 
This  rigid  appendage  is  controlled  by  three  strong  muscles  which  cor¬ 
respond  to  M .  remotor,  M.  rotator  dorsalis,  and  M.  rotator  ventralis  of 
the  other  pleopods  The  remotor  has  two  heads  as  does  the  correspond¬ 
ing  muscle  In  the  second  and  third  pleopods.  One  head,  originating  later¬ 
ally  on  the  sternal  sclerite,  unites  with  the  mesial  head  which  arises  from 
the  caudal  side  of  the  sternal  sclerite  just  laterad  to  the  mid-point  of 
the  articular  cavity  and  together  they  are  inserted  on  the  coxopodite. 
This  muscle  serves  to  pull  the  pleopod  preaxially  between  the  bases  of 
the  fifth  pair  of  pereiopods. 

The  ventral  rotator  muscle  has  its  origin  on  the  caudal  side  of  the 
first  abdominal  sternite  and  is  inserted  mesiad  of  the  dorsal  rotator  mus¬ 
cle  on  the  cephalic  margin  of  the  basipodite.  The  dorsal  rotator  muscle 
has  its  origin  laterally  cn  the  sternal  sclerite  mesiad  of  the  remotor  and 
is  inserted  or.  the  preaxial  margin  of  the  basipodite  lateral  to  the  inser¬ 
tion  of  the  ventral  rotator  muscle.  These  two  muscles  are  antagonistic 
to  the  remotor  muscle  and  swing  the  pleopod  postaxially.  These  three 


3.  “Second  form  males.” — Those  individuals  which  are  in  the  non-breeding 
stage  characterized  by  absence  of  corneous  processes  on  the  distal  portion  of 
the  first  pleopod  and  by  blunt  hooks  on  the  ischiopodites.  Immature  males  as 
well  as  alternating  adult  instars  are  typically  second  form. 
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muscles  are  the  only  ones  found  associated  with  the  first  pleopod  and 
they  are  homologous  to  M.  remotor,  M.  rotator  dorsalis,  and  M.  rotator 
ventralis  found  in  the  other  pleopods. 

THE  VENTRAL  SUPERFICIAL  MUSCLES  OF  THE  CAUDAL 
PORTION  OF  THE  CEPHALOTHORAX  AND  THE 
FIRST  THREE  ABDOMINAL  SEGMENTS 

Figure  2 

Musculus  ventralis  superficialis  thoraco-abdominalis  (v.s.  th.a.A-B) 
extend  from  the  thorax  to  the  abdomen  and  fall  into  two  groups,  both 
of  which  originate  mesially  on  the  endophragmal  skeletal  apodemes  of 
the  last  thoracic  segment.  The  first  branch,  v.s.th.a.A,  which  is  not  shown 
in  figure  2,  is  located  ventrally  to  v.s.th.a.B  and  is  inserted  medio-ven- 
trally  on  the  interarticular  membrane  of  the  joint.  The  other  muscle, 
v.s.th.a.B.,  is  longer  and  more  powerful  and  is  inserted  on  the  caudomesial 
portion  of  the  sternum  of  the  first  abdominal  segment. 

Musculi  ventrales  superficiales  abdominis  (v.s.a.1-2-3-4)  (Milne 
Edwards:  La  couche  superficielle  des  muscles  flechisseurs).  The  first  pair 
of  these  muscles  (v.s.a.l  and  2)  originates  on  the  interarticular  mem¬ 
brane  between  the  first  and  second  abdominal  sternites.  Their  origins  are 
mediocaudad  of  the  pleura  of  the  first  segment  and  they  are  inserted 
laterally  near  the  caudal  margin  of  the  sternum  of  the  second  segment. 
The  next  pair  of  muscles  (v.s. a. 3  and  4)  have  their  origins  on  the  inter¬ 
articular  membrane  between  the  second  and  third  abdominal  sternites 
just  caudolaterad  of  each  side  of  the  sternite  of  the  second  segment  and 
they  are  inserted  laterally  near  the  caudal  margin  of  the  sternite  of  the 
third  segment. 

These  muscles  are  serially  homologous  and  are  present  between  all 
of  the  abdominal  sternites.  They  are  attached  below  the  axes  of  the 
joints  and  give  rise  to  flexion  of  the  abdomen  as  a  whole  by  approxi¬ 
mating  the  sterna. 

SUMMARY  -  CONCLUSIONS 

The  segmented  abdominal  exoskeleton  of  the  crayfish  consists  of 
four  sclerites — a  tergite,  a  pair  of  pleurites,  and  a  sternite — which  are 
not  always  easily  distinguished.  The  ventrolateral  plates  which  project 
below  the  plane  of  the  sternum  may  be  considered  to  be  tegal  folds, 
reminiscent  of  the  branchiostegites  which  form  the  lateral  portions  of 
the  cephalothorax. 

The  elements  which  make  up  the  ventral  portion  of  the  first  abdom¬ 
inal  segment  are  not  easily  homologized  with  those  of  the  other  segments 
for  not  only  are  the  appendages  of  this  segment  highly  modified,  but 
also  the  sternal  area  on  whicn  they  are  borne  is  markedly  different.  It 
is  considered  here  that  the  heavy  ridge  which  bears  the  appendages  is 
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homologous  with  the  sternite  of  the  other  segments.  Here  the  sternite 
has  become  longer  (in  the  horizontal  axis)  willi  the  articular  cavities 
not  being  comparably  displaced,  thus  leaving  a  considerably  broader 
portion  of  th^  sternite  lateral  to  each  cavity  than  is  found  in  the  other 
abdominal  segments. 

The  muscles  of  the  segment,  two  of  which  in  the  other  segments  have 
their  origins  on  the  tergum,  here  originate  entirely  on  the  sternite.  This 
anomaly  may  be  due  in  part  to  a  gradual  thickening  and  deepening  of 
the  sternal  sclerite  resulting  in  a  continual  contact  and  subsequent  fusion 
between  the  muscles  involved  and  the  upper  part  of  the  sternite. 

Some  of  the  interpretations  of  muscle  action  given  by  Schmidt  appear 
to  be  incomplete  when  considered  in  relation  to  other  muscles  controlling 
the  same  joints  and  the  probable  functions  of  these  muscles  have  been 
pointed  out  in  appropriate  places  above. 

The  insertion  of  the  remotor  muscle  on  the  first  pleopod  has  been 
referred  to  as  being  on  the  "protopodite.”  The  author,  however,  con¬ 
siders  that  as  in  the  other  pleopods,  this  muscle  is  inserted  on  a  sclerite, 
which  though  greatly  modified,  is  homologous  with  coxopodite  “a”  of  the 
second  pleopod.  A  more  detailed  study  of  this  will  be  brought  forth  in 
a  subsequent  paper. 
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Explanation  of  Figures. — 1.  Ventral  view  of  first  and  second  ab¬ 
dominal  segments.  2.  Dorsal  view  of  the  first  three  abdominal  seg¬ 
ments  and  the  last  thoracic  segment.  Dorsal  portion  of  the  carapace 
and  the  terga  are  removed.  Viscera  and  extensor  muscles  also  removed. 
3  and  4.  Mcsiocephalic  views  of  the  third  abdominal  segment  of  male. 
5  and  6.  Mesiocephalic  views  of  the  second  abdominal  segment  of  the 
male.  Distal  portion  of  the  endopodite  and  exopodite  not  shown.  7  and 
8.  Cephalic  views  of  sternum,,  pleuron,  and  proximal  portion  of  pleo- 
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pods  of  the  first  abdominal  segment  of  male.  9.  Cephalic  view  of  the 
second  pleopod  of  male.  10.  Caudal  view  of  the  sternum  and  the  basal 
portions  of  the  pleopods  of  the  first  abdominal  segment  of  adult  first 
form  male.  11.  Mesial  view  of  left  first  pleopod  of  male  (second 
form).  12.  Mesial  view  of  left  first  pleopod  of  male  (first  form). 
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ON  THE  PROPERTIES  OF  THE  MULTIPLE 
COMPARISONS  TEST1 2 

D.  B.  Duncan 

University  of  Sydney  and  Virginia  Agricultural  Experiment  Station 
of  the  Virginia  Polytechnic  Institute 

The  multiple  comparisons  test  is  a  procedure  which  has  been  recently 
proposed  by  the  author  (1951)  for  testing  the  differences  among  several 
treatments  in  an  analysis  of  variance.  The  purpose  of  this  paper  is  to 
give  a  more  analytical  discussion  of  the  development  and  properties  of 
this  test. 

STATEMENT  OF  THE  PROBLEM 

The  problem  may  be  stated  in  general  terms  as  follows.  Given  a  sample 
x  =  (xi ,  x2 ,  •  •  •  ,  xn)  where  Xi  is  drawn  at  random  from  a  normal  popu¬ 
lation  n(m  ,  a1 2),  i  =  1,  2,  •  •  •  ,  n,  and  given  an  estimate  s2  of  the  com¬ 
mon  variance  a2,  which  is  independent  of  x  and  is  distributed  as  -  a2  x»« , 

n2 

where  n2 ,  the  “degrees  of  freedom”  for  s 2  is  also  known;  a  test  is  re¬ 
quired  for  making  a  decision  to  accept  one  of  the  hypotheses  in  a  system 
S  defined  in  the  following  way.  Let  juai  ,  m«2  ,  •  •  •  ,  m«„  be  any  one  of  the 
n\  permutations  of  the  population  means.  Let 

Mo!  Ma2  >  Ma3  Ma4  J  Ma5  Ma6  Ma7  Ma8  Ma9  Ma^  Man  j  ’  *  ’  j  Ma*  (1) 


represent  any  plan  of  linking  adjacent  means  together  in  groups  of  one, 
two,  •  •  •  ,  n  means  so  that  no  group  is  completely  enclosed  in  another, 
varying  from  a  plan  with  n  single-mean  groups  to  one  consisting  of 
only  one  group  of  all  n  means.  Let  H  be  the  hypothesis  stating  that  the 
left  hand  member  of  each  pair  of  means  not  bracketed  together  in  such 
a  plan  is  less  than  the  right  hand  member  and  that  the  relative  rank¬ 
ings  of  each  pair  of  means  bracketed  together  is  otherwise  unrestricted. 
The  system  S  consists  of  all  distinct  hypotheses  which  can  be  obtained 
in  this  way. 

In  the  simple  case  n  —  2,  S  contains  the  three  hypotheses,  mi  »  M2  ; 
M2 ,  Mi  ;  and  mi  ,  M2  ;  that  is,  mi  <  M2 ,  M2  <  Mi ,  and  mi  is  unranked  rela- 


1  This  and  the  previous  paper  (1951)  include  and  extend  a  thesis  (1947)  approved  for  the  degree  of  Ph.D 
at  the  Iowa  State  College. 

2  For  this  and  a  companion  paper  [  Va .  Jour.  Sci.,  2  (4)],  presented  at  the  Annual  Meeting  of  the 
Academy,  May  11,  1951,  Mr.  Duncan  received  the  J.  Shelton  Horsley  Award. 
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tive  to  ju2  •  In  the  case  n  =  3,  S  contains  the  19  hypotheses  in  table  1. 
The  number  of  hypotheses  in  the  system  increases  rapidly  with  n. 

In  the  simple  case  n  =  2,  an  ideal  answer  to  the  problem  is  provided 
by  the  symmetrical  or  two-sided  t  test.  The  test  we  seek  for  the  case 
n  >  3  may  be  regarded  as  a  generalization  in  a  sense  of  this  well-known 
test. 

Table  1 

System  of  Hypotheses.  Case  n  ~  3 


Ml  ,  M2  ,  M3 

Mi  M2  M3 

L_tLJ 

Ml  ,  M2  M3 

Mi  M2  ,  M^ 

Mi  ,  M3  ,  M2 

Ml  M3  M2 

1  1  1  1 

Ml  ,  M3  M2 

1  1 

M2  Mi  ,  M3 

M2  ,  Mi  ,  Ms 

M2  Ml  M3 

1  1  1  1 

M2  ,  M3  Ml 

1  1 

M3  Ml  ,  M2 

M2  ,  M3  ,  Ml 

M2  M3  Ml 
^  1 

Ms  ,  Mi  ,  M2 

M3  Ml  M2 

l~hJ  1 

M3  ,  M2  ,  Ml 

M3  M2  Ml 

"i±J 

Ml  ,  M2  ,  M3 
l _ l 

GEOMETRICAL  NOTATION 

In  considering  this  problem  it  will  be  useful  to  represent  the  various; 
comparisons  within  a  sample  x  =  (xi ,  x2 ,  •  •  •  ,  xn )  by  a  sample  point 
2  =  (zi  ,  z2  ,  •  •  *  ,  zn—i)  in  a  sample  space  TTn-i  with  axes  defined  by 
Zi  =  yi/s,  where  yi  is  any  set  of  standardized  orthogonal  comparisons,,, 
say  yi  =  (X)y=i  Xj  -  ixi+i)/\/i(i  +  1),  i  =  1,  2,  •  •  •  ,  n  -  1.  Corre¬ 
spondingly  any  set  of  values  for  the  comparisons  among  the  population 
means  mi  ,  M2  ,  *  •  •  ,  yn  may  be  represented  by  a  parameter  point 
6  =  (6 1  ,  d2 ,  •  •  •  ,  0«_  1)  in  a  parameter  space  12„_i  with  axes  defined 
by  Oi  =  rji/a ,  where 


From  these  choices  of  axes  it  follows  that  the  probability  element  at 
any  sample  point  2  in  Wn-i  is  closely  related  to  that  of  an  F  distribution 
with  n  —  1  and  n2  degrees  of  freedom  and  is  given  by 


/(2;  6)  dz  = 


gj (gi  +  "2)  /  «i  \_JUl+„2, 

r(Jw,)(n2x),"‘  V  «// 


(2> 
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n  i 

where  F  is  the  variance  ratio,  X)  (.V*  ~  0i)2/w2,  and  rii  =  n  —  1. 

i=l 

In  the  important  special  case  n2  — >  ,  (2)  reduces  to  an  n  —  1  variate 

normal  distribution  with  means  6,  unit  variances  and  zero  correlations. 
The  subset  of  12n_i  defined  by  an  element  of  the  system  S,  say  by 
Ma2 ,  Ma3  •  •  •  ,  will  be  denoted  by  a>(oi  o2 ,  a3  •  •  •  ,  o„).  The  construc- 

1 — j-— -  1 _ J  L-j- - J _ J 

tion  of  any  test  T  will  consist  of  defining  a  region  R  (oi  o2 ,  o3  •  •  •  ,  an 


T)  corresponding  to  the  subset  w(oi  o2 ,  o3  •  •  •  ,  a„),  for  all  subsets  in 

'  t- - J _ J 

the  system.  The  test  T  may  then  be  described  as  the  rule :  if 


z  e  R  (ai  a2 ,  a3 


;  T) 
I 


make  the  decision  D  («i  o2 ,  a3  •  •  •  ,  a*),  which  consists  of  accepting 

'"! - 1 _ I 

the  hypothesis: 


H(a\  02 , 03  •  •  •  ,  On)  *.  6  €  0>(Oi  02  ,  fl3  *  *'  *  ,  On). 


In  addition  to  the  subsets  in  $  we  will  also  need  to  consider  a  class 
of  “null”  subsets: 


Wo(Oi  ,  02  ,  *  ,  Op)  .  [Xa  i  Ha o  *  Hap  j  2  ^  p  ^  Tlj 

and  “critical”  subsets 


0)i(Oi  ,  02  ,  •  •  •  ,  Op)  •  l^n — 1  —  COo(Oi  ,  02  ,  *  *  *  ,  Op), 

and  their  corresponding  hypotheses,  regions  and  decisions  which  will 
be  denoted  by  Hi(ai ,  o2 ,  •  •  •  ,  op),  Ri(ai ,  o2 ,  •  •  •  ,  op;  T7),  and 

F) i((l\  ,  o2 ,  *  ,  Op),  %  0,  1. 


Example  1:  Figure  1  shows  the  parameter  subsets  and  sample  spaco 
regions  for  the  familiar  a  -level  two-sided  t  test  in  the  case  n  =  2. 

It  will  be  noted  in  passing  that  a  distinction  is  being  made  between  the 
hypothesis  H(  1,  2)  which  is  accepted  when  the  decision  D(  1,  2)  is  made 

i _ i  i _ i 

and  the  null  hypothesis  H0(  1,  2)  '.hi  =  M2  which  is  the  central  hypothesis 
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tested  by  this  procedure.  It  will  be  agreed  that  acceptance  of  H( 1,  2) 

■  '  I _ I 

which  merely  states  ignorance  of  the  relative  rankings  of  jui  and  ju2 ,  is 
the  more  accurate  interpretation  of  the  decision  made  by  an  agronomist 
say,  when  he  concludes  that  the  observed  means  of  two  varieties  are 
“not  significantly  different”.  This  is  not  to  say  however  that  the  null 
hypothesis  220(1,  2)  is  not  the  correct  one  to  test.  We  are  merely  taking 
the  usual  view  that  insufficient  evidence  to  reject  this  hypothesis  is  not 
sufficient  evidence  to  accept  it.  The  distinction  is  of  little  practical  con¬ 
sequence  in  this  case  n  =  2,  but  has  to  be  made  in  all  other  cases  n  >  2 
to  avoid  contradictions. 


co(l,  2)  C°(1l’-j2)  «(2,1) 

coo(l,  2) 

1 

_ l  _ . _ | _ 

0  d 

Parameter  space  Qi 

22(1,  2;  0  22(1^;*)  22(2,1;*) 

_ 1 _ 1 _ ! - 

~ta  0  ta  Z 

Sample  Space  W\ 

Figure  1.  Parameter  Subsets  and  Sample  Space  Regions,  Case  n  —  2 


The  test  boundaries  =b  ta  in  figure  1  are  the  usual  a -level  significant 
values  of  t,  that  is,  they  satisfy  the  relation  P[— ta  <  tn.2  <  ta  |  220(  1,2)] 
=  a,  where  tn2  is  distributed  as  t  with  n2  degrees  of  freedom. 

Example  2.  In  the  previous  paper,  Duncan  (1951),  the  invalid  pro¬ 
cedure  of  applying  a  two-sided  a -level  t  test  jointly  to  the  null  hypothesis 
H0(i,  j)  for  all  nC2  combinations  of  i  and  j  was  termed  an  a -level  multiple 
t  test.  Figures  2  and  3  show  the  parameter  subsets  and  the  sample  space 
regions  for  the  case  n  =  3  of  this  test. 

Only  six  of  the  parameter  subsets  are  shown  explicitly  in  figure  2 
and  these  are  bounded  by  the  lines  m  =  ixj ,  (i,  j)  =  (1,  2),  (1,  3),  (2,  3). 
The  remaining  13  subsets  are  obtained  as  combinations  of  the  ones 
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illustrated.  For  examples,  co(l,  2  3)=  w(l,  2,  3)  +  «(  2,1,  3); 

a)(l,  2,  3)  =  co(l,  2,  3)  +  w(2,  1,3)  +  «(1,  3,  2) ;  and  «(1,  2,  3)  =  fl2 , 

H— 1  j  L - 1 

that  is,  the  sum  of  all  the  subsets  shown. 

The  boundaries  of  the  19  sample  space  regions  in  figure  3  are  given  by 
the  six  lines  (x{  —  Xj)/\/2s  =  d=  t,  (i,  j)  =  (1,  2),  (1,  3),  (2,  3). 

WEIGHTING  OF  ERRORS  AND  DETERMINATION 
OF  AVERAGE  RISK 

Two-sided  t  Test  of  H0(  1,  2). — In  this  section  we  will  restrict 
ourselves  mainly  to  the  case  n  =  3,  and  will  first  consider  the  deter¬ 
mination  of  an  average  weighted  risk3  for  an  a -level  two-sided  t  test  of 
the  null  hypothesis  H0(  1,  2).  The  parameter  subsets  in  Q2  and  sample 
space  regions  in  W2  for  this  test  are  the  same  as  those  shown  in  figure  1, 
except  that  the  boundaries  at  the  points  0  =  0  and  z  =  in  that  figure 
will  now  be  the  lines  6i  =  0  and  Z\  =  =L  ta  respectively  in  the  two  dimen¬ 
sional  spaces. 

For  the  weighting  of  errors  we  will  use  the  weight  function  w2(d,  D ) 
as  defined  in  table  2,  where  a(0i)  and  6(0i)  are  monotone  decreasing  and 
monotone  increasing  functions  of  6i  over  the  ranges  6i  <  0  and  0X  >  0 
respectively.  The  importance  of  the  less  conservative  type- 1 -like  error 
of  deciding  that  a  difference  is  positive  when  it  is  not,  is  measured  by 
a(0i)  and  the  importance  of  the  more  conservative  type-2-like  error  of 
failing  to  decide  that  a  difference  is  positive  when  it  is,  is  measured  by 
b(6 1).  Since  the  errors  involved  here  do  not  coincide  exactly  with  the 
Neyman  and  Pearson  type  1  and  type  2  errors  we  will  refer  to  them  as 
type  a  and  type  b  errors. 

Any  one  decision  in  the  two-sided  test  may  be  said  to  commit  none, 
either  one  or  both  types  of  errors.  For  the  parameter  values  0i  <  0  for 
example,  if  the  decision  D(l,  2)  is  made  no  error  is  committed,  hence  the 
weight  zero.  If  the  decision  D(l,  2)  is  made  a  type  b  mistake  is  com- 

i _ .j 

mitted  relative  to  —  0i  ,  hence  the  weight  b{  —  6 1).  If  D( 2,  1)  is  made  it 
may  be  considered  that  two  errors  are  committed.  One  is  the  type  a 
error  of  deciding  that  0i  is  positive  when  it  is  not,  the  other  is  the  type  b 
error  of  failing  to  decide  that  —  0i  is  positive  as  it  is;  hence  the  weight 

a(6i)  +  b(—6i). 


:1  See  Wald  (1939,  1942,  and  other  publications). 
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Because  of  symmetry  considerations  it  is  appropriate  to  use  the  same 
weight  functions  with  respect  to  —  0i  as  with  respect  to  0i . 


Using  the  above  weighting  function,  the  risk  7*2(0)  for  this  two-sided 
test  may  be  written  as  the  sum  of  a  type  a  and  a  type  b  risk  as  ro(0) 
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Table  2 


Weight  function  w2  (0,  D)  for  two-sided  test 


Parameter  Values 

Decisions 

D(l,  2) 

£»(i,  2) 

i _ i 

D(2,  1) 

01  <  0,  i.e.  Ml  <  jj, 2 

0 

H-e  i) 

«(0i)  +  b(  —  0i) 

0i  =  0,  i.e.  /.ii  =  /.(2 

a(0) 

0 

o(0) 

0i  >  0,  i.e.  <  mi 

o(— 0i)  +  h{9 1) 

6(0i) 

0 
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+  r&(0),  where 


«(0)  =  a(0 1)  [  f(z;  0)  dz , 

J  R:  z  i  >  ta 

Vb(0)  =  b(-6 1)  [  f(z ;  0)  dz,  0i  <  0; 

31  >-<a 

a(0)  =  2a(0)  [  f(z;  0)  dz,  rfe(0)  =0,  0i  =  0;  (3) 

JR :  3i  > 


"o(0)  =  a(-0i)  / 

•'«:  3 1 


r&(0) 


/(z;  0)  dz, 

W0i)  [ 

J R:  3i 


<  tc 


f(z ;  0)  dz,  0i  >  0. 


If  we  now  let  £>2(0)  represent  an  appropriate  parameter  anticipated 
frequency  function  which  will  have  the  symmetry  property  p2(  —  0) 
=  p2(0),  the  average  weighted  risk  A2  can  also  be  defined  as  the  sum  of 
two  parts  A 2a  and  il2& ,  which  may  be  termed  a  type  a  and  a  type  b  aver¬ 
age  risk.  For  these  we  may  write 


A2a  =  [  ra(0)p2(0)  dd; 


A2b  =  f  rb(d) p2(0)  dd.  (4) 


In  terms  of  the  above  analysis  the  motivation  for  choosing  an  a-level 
two-sided  t  test  for  a  given  requirement  may  be  based  on  the  following 
two  points: 

(1)  For  all  a -level  tests,  and  for  all  symmetrical  weight  and  parameter 
anticipated  frequency  functions  of  the  above  kind,  the  two-sided  t  test 
gives  the  minimum  type  a  average  risk  A2a  ,  the  minimum  type  b  average 
risk  A2b  and  hence  the  minimum  combined  average  risk  A2 . 

(2)  For  all  two-sided  t  tests,  and  for  the  particular  forms  of  w2(d ,  D) 
and  p2(0)  involved,  the  test  at  the  chosen  level  a  minimizes  A2  with 
respect  to  changes  in  a. 

With  regard  to  the  first  point  it  will  be  noted  that  the  minimization 
of  A2b  is  equivalent  to  the  familiar  property  of  uniform  maximum  power 
relative  to  all  unbiased  tests.  Observance  of  the  second  point  is  restricted 
in  practice  by  limitations  on  the  range  of  significance  levels  for  tabled 
values  of  t  and  also  by  insufficient  consideration  of  a(0)  and  6(0)  and 
inadequate  knowledge  of  p2(0).  Nonetheless  it  will  be  agreed  that  in 
choosing  a  significance  level  the  aim  should  be  to  pick  a  value  such  that 
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if  a  lower,  more  conservative  one  were  taken,  the  increase  in  A2b  would 
exceed  the  decrease  in  A2a  ;  while  on  the  other  hand,  if  a  higher,  less 
conservative  level  were  taken,  the  increase  in  A2a  would  exceed  the 
decrease  in  A2b . 

Multiple  t  Test. — We  will  now  consider  the  determination  of  an 
average  weighted  risk  for  the  multiple  t  test.  All  of  the  points  arising  in 
this  are  applicable  also  in  the  multiple  comparisons  test  with  which 
we  are  ultimately  concerned.  The  weight  function  to  be  proposed  can  be 
defined  completely,  except  for  one  important  modification  to  be  treated 
later,  as  the  reduced  sum  of  three  two-sided  test  average  risks  in  the 
following  way: 

First,  each  of  the  19  decisions  may  be  treated  as  the  sum  of  three  sub¬ 
decisions  with  respect  to  each  of  the  three  differences  between  the  means 
considered  a  pair  at  a  time.  On  weighting  the  errors  accordingly  we 
may  write 

Wz(0,  D(z))  =  ?  J2  w2(\{j,  D(dij)),  ij  =  12,  13,  23.  (5) 

O  ij 

where  X*,-  =  (mi  —  im)/\/2o-  and  dij  =  (xj  —  xi)/y/2s  and  D{da )  con¬ 
sists  of  the  three  decisions: — D(i,  j) :  decide  in  <  Mi  >  D(i,j):  decide  m 

cannot  be  ranked  relative  to  nj ,  D(j,  i) :  decide  /zy  <  Ui .  The  reduction 
factor  2/3  is  introduced  in  allowance  of  the  fact  that  these  differences 
are  correlated  in  such  a  way  that  three  may  be  considered  as  equivalent 
to  only  two  independent  differences.  Thence,  we  will  obtain  a  risk  func¬ 
tion  r3(0)  which  is  the  reduced  sum  of  three  two-sided  test  risk  functions, 

rM  =  r3a(d)  +  r3b(6) 

2  2  (6) 
=  o  E  rte(x«)  +  ;I  ra(X«),  ij  =  12,  13,  23. 

O  ij  O  ij 

Next,  in  considering  a  parameter  anticipated  frequency  function 
Vs(0)  it  will  be  appropriate  from  symmetry  considerations  to  choose  one 
which  gives  the  same  symmetrical  marginal  distributions  p2(X*i) 
each  of  the  differences  \;j .  That  is,  to  have  p2(Xi2)  =  p2(Xi3)  =  p2(X23) 
=  p2(  —  Xi2)  =  P2(  —  X13)  =  p2(  — XB.  Then  on  integrating  the  risk  over 
the  parameter  space  we  obtain  an  average  risk  A3  which  is  the  sum  of 
the  average  risks  of  two  two-sided  tests, 

A3  =  A  3a  -f-  A-Sb  —  2  A  2a  +  2  A  26  •  (7) 

But  for  the  required  modification,  we  could  say  that  the  multiple  t 
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test  had  identical  properties  with  those  of  two  independent  two-sided 
t  tests  and  thus  had  a  minimum  average  risk. 

The  necessity  for  the  modification  is  most  evident  when  we  consider 
the  properties  of  thik  procedure  as  a  test  of  the  three-mean  null  hy¬ 
pothesis  H0(l,  2,  3),  that  is,  Ho'./jli  =  M2  =  M3  •  It  is  only  in  the  region 
R(  1,  2,  3;  m.t.)  that  this  hypothesis  is  not  rejected.  It  can  be  readily 

shown  that 


P[z  e  R(  1,  2,  3;  m.t.)  \  H0(  1,  2,  3)]  =  f{qz,nf)  dq 


/t(X 
-t. 


(8) 


where  f(qz,n2)  is  the  probability  density  of  the  studentized  range  of 
a  sample  of  size  3  with  n2  degrees  of  freedom.  This  probability  is  far 
too  small  and  the  complementary  probability,  <23 ,  of  wrongly  rejecting 
I?o(l,  2,  3)  is  far  too  large  to  be  consistent  with  the  choice  of  a  as  the 
allowable  probability,  a2 ,  for  wrongly  rejecting  any  one  of  the  two 
mean  null  hypotheses  H0(l,  2),  H0(l,  3)  and  H0(2,  3).  For  example, 
in  the  case  n2  — >  00  and  a  =  .05,  we  find  that  0:3  —  .1223  which  is  an 
unduly  large  figure  relative  to  .05. 

It  can  be  argued4  that  since  #0(1,  2,  3)  is  the  null  hypothesis  that 
two  independent  differences  are  each  zero  that  ct3  should  be  made  equal 
to  1  —  (1  —  a)2  to  be  consistent  with  the  choice  of  a  for  a2 . 

A  relevant  graphical  picture  can  be  obtained  by  constructing  the 
critical  boundaries  in  W2  for  two  a-level  two-sided  t  tests  of  the  inde¬ 
pendent  hypotheses  mi  =  M2  and  mi  +  M2  =  2jU3  in  the  case  n2  — >  <*>  and 
a  =  .05.  These  are  shown  in  figure  4.  The  argument  is  that  the  null 
region  R(  1,  2,  3;  m.t.)  should  be  as  large  as  the  null  region  R(  1,  2,  3;  t2) 

in  this  figure.  In  very  loose  terms  we  can  say  that  the  attempt  by  the 
multiple  t  test  to  test  three  differences,  where  only  two  independent 
ones  are  present,  is  causing  overcrowding  at  the  intersections  of  the 
respective  null  regions  R(  1,  2;  t),  R(  1,  3;  t)  and  R( 2,  3;  t). 

1 _ 1  1 _ 1  1 _ 1 

Weighting  for  Overcrowding:  The  problem  of  including  the  above 
considerations  in  the  overall  average  risk  function  is  quite  an  elusive 
and  complex  one  and  the  following  approach  may  or  may  not  need  one 
or  two  minor  adjustments  in  the  light  of  further  thought  on  the  subject. 
It  does  however  appear  to  be  essentially  correct  with  respect  to  the 
main  issues  involved  and  to  lead  to  conclusions  which  are  not  likely  to 
be  changed  by  any  of  the  possible  modifications. 


4  See  companion  paper  Duncan  (1951)  section  entitled  ‘Consistent  significance  levels’. 
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First,  on  the  circumference  of  any  circle  r2  =  z{  +  A  in  W2  we  will 
define  an  overcrowding  factor  k(r)  as  the  ratio  g(r)/h(r)  where  g{r) 


is  the  length  of  arc 

contained  in 

r 

the  interse< 

ction  of  i2(l,  2,  3;  £2)  and 

1 _ 1 

3,;  tl ) 

Figure  4.  Sample  Space  Regions  for  Two  Independent  a-Level  Two-Sided  t 
Tests. 


Ri(l,  2,  3;  mi.),  h(r)  is  the  length  of  arc  contained  in  Rx  (1,  2,  3;  mi.) 
and  Ri  (1,  2,  3;  mi.),  as  indicated  before,  is  the  critical  region 
TF2  —  R(  1,  2,  3;  mi.).  Thus  we  obtain 

i  -  i 

k(r)  =  8r  ^cos-1  j  12/  ^cos-1  —  ^ 

Hr)  =  Sr  ^sin-1  ^  ~  /  27rr, 

and  /c(r)  is  zero  for  all  other  values  of  r. 


ta  <  r  <  — —  , 

V.3 

2  /- 
-7=  ta  <  r  <  V2^a, 

V3 


(9) 
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Next,  for  any  given  sample  point  2,  let  ZO  be  the  line  joining  z  to 
the  origin  0,  and  AB  the  line  passing  through  0  at  right  angles  to  ZO. 
Let  A'B'  be  a  line  in  Q2  corresponding  to  AB  in  W2 .  That  is,  if  z2  —  Kzi 
is  the  equation  for  AB  then  02  =  KOi  is  the  equation  for  A'B'.  Let  OB' 
be  the  perpendicular  from  any  given  parameter  point  0  to  the  line  A'B' 
and  put  ±X  for  the  length  of  OB',  using  +  or  —  depending  on  whether 
0  is  on  the  same  side  of  A'B'  as  z  is  of  A B  or  the  reverse  side. 

If  the  decision  at  2  is  Di(l,  2,  3)  or  D0(  1,  2,  3),  (that  is,  if  it  rejects 
or  fails  to  reject  H0(l,  2,  3)),  it  may  be  said  to  imply  that  the  sign  of  X 
is  positive  or  unknown  respectively.  With  this  in  mind  we  may  adopt  a 
weight  function  for  overcrowding  as  defined  in  table  3. 


Table  3 

Weight  function  for  overcrowding. 


Decision 

Values  of  X 

Dad,  2,  3) 

Di(l,  2,  3) 

X  <  0 

0 

k(r)  •  a  (X) 

X  >  0 

—  k(r)b(\) 

0 

In  doing  this  we  are  taking  the  attitude  for  example  that  if  X  is  not 
positive  and  Dfl,  2,  3)  is  made,  an  additional  type  a  error  is  committed, 
the  importance  of  which  depends  on  the  degree  of  overcrowding  at  2  as 
measured  by  k(r)  and  on  the  magnitude  of  X  as  measured  by  a(X).  On 
the  other  hand,  if  X  is  positive  and  Df  1,  2,  3)  is  made,  this  will  be  a 
correct  decision  and  will  offset  some  of  the  type  b  errors  in  the  rest  of 
the  test.  The  importance  of  this  is  also  being  taken  to  depend  on  the 
overcrowding  and  on  the  magnitude  of  X  as  measured  by  6(X). 

Modification  in  Average  Risk  due  to  Overcrowding. — The  calculation 
of  the  modification  in  average  risk  due  to  the  overcrowding  discussed 
above  can  be  simplified  considerably  by  assuming  a  spherically  sym¬ 
metrical  parameter  anticipated  frequency  function  p3(0).  Since  ps(0) 
is  already  restricted  by  the  nature  of  the  problem  to  be  symmetrical 
with  respect  to  each  of  the  three  differences  involved,  and  since  these 
modifications  are  only  small  relative  to  all  of  the  risks  concerned,  it 
will  be  seen  that  this  is  not  likely  to  lead  to  appreciable  errors. 

Under  this  assumption  it  follows  that  the  required  modification  in 
average  risk,  which  we  will  denote  by  A'z ,  can  be  expressed  in  terms  of 
the  probability  densities  on  the  line  Z\  —  0  and  within  the  interval 


1952] 


Multiple  Comparisons  Test 


61 


ta  <  z 2  <  y/'2ta .  It  may  be  written  as  the  sum  O'  a  type  a  component 
A 3a  and  a  type  b  component  A3b  denned  by 

aL  =  f 

Jo 

Asb  =  -  [  b(e2)  [  g(r)f(z ;  d)  dzp3(d )  dd 

Je2  >o  Jr 

and  R  is  the  given  region:  z i  =  0,  ta  <  z2  <  \/2 ta.  Thence  the  final 
average  risk  for  the  multiple  t  test  is 

A3  -\r  A3  =  (2 A2a  +  A 3a)  +  (2 A 2b  —  A 3b).  (11) 

The  main  problem  at  hand  is  to  modify  this  test  so  as  to  reduce  the 
type  a  risk  at  least  back  to  2 A2a  with  a  smaller  increase  taking  place 
in  type  b  risk  bringing  it  back  towards  2 A2b . 

The  Multiple  Comparisons  Test. — In  the  proposed  multiple 
comparisons  test,  the  hexagonal  boundaries  of  the  null  region  R(l>  2,  3;, 

l_ _ I 

m.t.)  are  expanded  outwards  to  the  likelihood  ratio  circular  boundary 
r2  =  2F 2, n2 , a 3  ,  where  F2,n2,a3  is  the  a3-level  significant  value  of  F  for  2 
and  n2  degrees  of  freedom,  and  a:i  =  1  —  (1  —  a)2.  The  regions  of  the 
new  test  obtained  in  this  way  are  illustrated  in  figure  5. 

The  six  small  regions  lying  oitside  the  new  null  region  R(  1,  2,  3; 

i _ i 

m.c.)  but  inside  the  previous  one  R(  1,  2,  3;  m.t.)  require  special  mention. 

In  each  of  these  we  do  not  make  any  one  of  the  eighteen  non-null  deci¬ 
sions  belonging  to  the  system  S.  However,  for  any  sample  point  2  in 
one  of  these  regions  we  make  the  new  decision  that  X  is  positive,  where 
X  is  defined5  as  above,  relative  to  z.  A  decision  of  this  type  may  be  con¬ 
veniently  left  in  the  form  that  two  of  the  means  considered  as  a  group 
are  higher  or  smaller  than  the  third.  If  0  falls  in  the  region  at  the  top  of 
R(  1,  2,  3;  m.c.)  for  example,  the  decision  would  be  that  g-  and  g2  as 

1 _ 1 

a  group  are  higher  than  /x3.  A  convenient  notation  for  this  region  is 
R( 3,  1,  2).  The  other  five  regions  of  this  kind  are  denoted  in  a  similar 
way.  The  remaining  eighteen  non-null  regions  of  this  test  are  identical 
with  those  of  the  multiple  t  test  except  for  the  new  circular  boundaries 
that  six  of  them  have  with  the  null  region  R(  1,  2,  3;  m.c.). 


<  0 


a(0 2)  /  g(r)f(z\  6)  dzp3{d)  dd 
Jr 


(10) 


5  It  may  be  noted  that  X  =  E(c)  where  c  is  as  defined  in  the  preceding  paper  (1951),  page  185. 


The  Virginia  Journal  of  Science 


[January 


€2 


Using  a  similar  approach  to  determine  the  average  risk  for  this  test, 
it  is  necessary  to  introduce  a  compensation-for-overcrowding  factor 
k*(r)  defined  as  the  ratio  g*(r)/h*(r),  where  g*(r)  is  the  length  of  arc 
on  the  circumference  of  the  circle  r2  =  z\  +  A  contained  in  the  intersec- 


Figure  5.  Regions  for  Multiple  Comparisons  Test.  Case  n  =  3 

N.B.  The  six  regions  R(3,l,2;m.c.),  etc.  have  been  exaggerated  for  clarity  by 
decreasing  the  size  of  R(l,2,3;m.c.) 


tion  of  R(  1,  2,  3;  m.c.)  and  Ri(l,  2,  3;  t2)  and  h*(r)  is  the  length  of  arc 

i _ i 

contained  in  Ri(l,  2,  3;  t2). 
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For  overcrowding,  the  factor  is 

k(r)  =  Sr  (sirT1  ~  ~  / 2xr,  \/2F2,n2,a3  <  r  <  y/2 ta  (12) 

and  zero  for  other  values  of  r.  For  compensation  for  overcrowding,  the 
factor  is 

Sr  ("sin”1  —  —  j) 

k*(r)  =  — ) - j - H  =  1,  ta  <r  <  V2F2,n2,a3  (13) 

and  zero  for  all  other  values  of  r. 

On  incorporating  both  the  overcrowding  factor  k(r)  and  the  com¬ 
pensation  factor  k*(r)  into  the  average  weighted  risk  in  the  same  way  as 
k(r)  was  used  in  the  previous  test,  we  conclude  that  the  complete  value 
for  this  test  is 


Az  =  2A2  +  A3  —  At  —  A  3a  +  A  3b  —  (2A2o  +  A$a  —  A^a) 

+  (2^4.26  +  Azb  —  Atb) 

where 

A'Sa  =  4  f  0,(62) P'  (0)pM  dd, 

Jo  2<0 

A3b  =  -4  [  iM)P'(e)  do, 

Id  2>0 

P'{0)  =  l  [  g(r)f(z;  0)  dz, 

4  Jr/ 


(14) 


(15) 


R'  is  the  region:  z3  =  0,  V2F2,»2,«3  <  z2  <  V2 ta  , 


At  =  4  /  a(e2)P*(.e)pM  do, 

J  02  <  0 

a3*6  =  -4  f  b(e2)P*(e)p3(e)  do,  (16) 

J  d2>0 

P*(.e)  =  -  [  g*(r)f(z;  0)  dz 
4  Jr* 

and  R*  is  the  region:  Z\  =  0,  ta  <  z2  <  V2F2,n2,a3  • 

The  complete  evaluation  of  the  average  weighted  risk  depends,  of 
course,  on  further  knowledge  of  the  weight  functions  a(d2 )  and  fr(02)  and 
on  the  parameter  function  p3(0).  However,  much  can  be  done  without 
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this  by  expressing  2 A2a  and  2 A2b  in  forms  similar  to  (15)  and  (16)  and 
considering  the  values  of  the  known  parts  of  the  complete  integrand 
separately  for  each  value  of  6.  Thus  we  may  write 

2 A 2a  =  4  [  a{e2)P{6)yM  dd 

^02^0 

and 

2 A 26  =  4  [  bid)  [1  -  P  (0)]p3(0)  dd,  (17) 

Jd2>0 

where 

Pie)  =  [  fiz:  6)  dz 

Jr 

and  R  is  the  region:  z2  >  ta  .  Thence  we  have 

A3a  =  4  [  aie2)[Pie)  +  p'ie)  -  P*m  VM  de 

Je  2<o 

and 

A 36  =  4  I  b(e2)[ l  -  p(e)  -  p'ie)  +  p*(o)]  VM  de  (18> 
J  0  2>0 

The  fairly  close  agreement  between  the  average  weighted  risk  for 
this  test  and  that  of  two  independent  two-sided  t  tests  can  be  seen  from 
a  consideration  of  the  smallness  of  the  differences  P'(8)  —  P*(0)  relative 
to  P(d)  for  62  <  0  or  to  1  —  P{d)  for  S2  >  0.  These  are  shown  for  exam¬ 
ple  in  table  4  for  a  few  selected  values  of  6  in  the  special  case  n  —  3, 
a  =  .05,  n2  —>  °o . 

From  these  figures  and  a  consideration  of  similar  details  in  other 
cases,  it  will  be  seeru  that  the  type  a  average  risk  A3a  is  even  smaller 
than  2A2a  and  at  the  same  time  A3fe  is  also  smaller  than  2A26- 

On  further  consideration  of  the  mechanics  of  the  above  weighting 
system  it  appears  that  by  choosing  the  likelihood  ratio  boundary  for  the 
region  P(l,  2,  3;  m.c.)  we  have  succeeded  in  maximizing  the  differences 

i _ j 

P'id)  —  P*(0)  for  all  values  of  6  and  thus  in  minimizing  the  average  risk 
with  respect  to  tests  having  the  same  size  o:3  for  the  null  region  P(l,  2,  3). 

Furthermore,  since  A2  =  A2a  +  A2b  is  the  minimum  risk  for  a  single* 
two-sided  t  test  and  since  2A2a  —  A3a  and  2 A2b  —  A3b  are  both  small 
and  appear  to  be  at  least  roughly  equivalent  reductions,  A3  =  A3a  +  A36 
should  be  fairly  close  to  the  absolute  minimum  possible  for  the  re¬ 
quired  test. 
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Table  4 

P  values.6  Multiple  Comparisons  Test 


Case  n  —  3,  a:  =  .05,  n2  — ►  <» 


X\  01 

02 

0 

±1 

zb5 

1  -  P(0) 

.6772 

.6772 

.6772 

1.5 

-  P'  (0) 

-.0467 

-.0283 

.0000 

P *  (.0) 

.0317 

.0195 

.0000 

*0 

* 

i  1 

-.0150 

-.0088 

.0000 

0 

P  ( e ) 

.0250 

.0250 

.0250 

P'  (0) 

.0044 

.0027 

.0000 

-  P*  (0) 

-.0044 

-.0027 

.0000 

P  (0) 

.0069 

.0069 

.0069 

-.5 

P'  (0) 

.0012 

.0007 

.0000 

-  P*  (0) 

-.0014 

-.0008 

.0000 

1 

* 

-.0002 

-.0001 

.0000 

6  Evaluated  using  tables  (1942)  and  (1945). 


Table  5 

P  values.  Multiple  Range  Test 


Case  n  =  3,  a  =  .05,  n2  — >  00 


x\  01 

02  X\ 

0 

±1 

±5 

-  P'  ( e ) 

-.0478 

-.0290 

.0000 

1.5 

p*  (0) 

.0367 

.0223 

.0000 

* 

i 

-.0111 

-.0067 

.0000 

P'  (0) 

.0047 

.0029 

.0000 

0 

-  P*  (0) 

.0047 

.0029 

.0000 

P'  (e) 

.0013 

.0008 

.0000 

-.5 

-  P*  (0) 

.0014 

.0009 

.0000 

p,  _  p* 

-.0001 

.0001 

.0000 
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For  illustrative  purposes,  a  set  of  figures  comparable  to  those  in 
table  4  have  been  determined  for  the  multiple  range  test  obtained  by 
expanding  R(l,  2,  3;  m.t.)  to  the  hexagonal  boundaries7  (x'  —  x")/s  = 

^3, oo, .0975  =  2.91849,  where  x'  and  x"  denote  the  highest  and  lowest  of 
the  three  variates  x\ ,  x2 ,  x3 ,  and  (ft,*,.  0975  is  the  .0975  level  significant 
value  of  the  range8  of  three  variates  in  the  case  n2  — >  .  These  are  given 
in  table  5.  The  superiority  of  the  multiple  comparisons  test  follows  from 
comparing  the  differences  P'(Q)  —  P*(d)  for  the  two  tests. 

MULTIPLE  COMPARISONS  TEST  FOR  ALL  CASES 

The  multiple  comparisons  test  for  any  value  of  n  may  be  defined  by 
a  recursion  method  for  constructing  its  sample  regions  in  TFn-i  . 

To  construct  the  regions  for  an  n  variate  test:  (a)  Consider  the  n 
possible  combinations  of  the  variates  taken  n  —  1  at  a  time;  (b)  Divide 
Wn-i  into  n  intersecting  systems  of  regions,  each  representing  an  n  —  1 
variate  test  for  each  of  the  n  combinations.  The  regions  formed  by  the 
intersections  of  these  n  systems  are  the  required  regions  except  for  one 
modification  which  follows;  (c)  Adjust  the  null  region  R(  1,  2,  •  •  •  ,  n)  to 

i _ i 

have  the  boundary:  =  (n  —  l)Fn_i,n2,aji  where  the  latter9  is  the- 

<xn-level  significant  value  of  F  with  n  —  1  and  n2  degrees  of  freedom 
respectively  and  an  is  the  “a-per-degree-of -freedom”  level  1  —  (1  —  a)n~l. 
The  naming  of,  and  thus  the  decision  which  goes  with,  each  region 
formed  in  this  way,  will  follow  readily  from  the  regions  for  which  it  is 
the  intersection,  except  for  certain  new  regions  such  as  R( 3,  1,  2)  in  the 
case  n  =  3.  These  are  the  regions  which  fall  inside  the  unadjusted  null 
region  R(  1,  2,  •  •  •  ,  n)  but  outside  its  adjusted  and  final  form 

L _ I 

R(  1,  2,  •  •  •  ,  n  \  m.c.).  When  a  sample  point  z  falls  in  one  of  these  regions, 

i _ _ _ i 

we  decide  to  accept  the  hypothesis  H :  X  >  0  where  X  is  defined  relative 
to  z  as  in  the  section  on  weighting  for  overcrowding. 

The  multiple  comparisons  test  is  identical  with  the  two-sided  t  test 
in  the  case  n  =  2.  From  this  we  may  use  the  recursion  method  to  con- 


7  The  new  null  region  obtained  in  this  way  may  be  denoted  by  72(1,  2,  3,  ;  m.r  )  and  has  the  same  size 

i _ i 

as  72(1,  2.  3,  ;  m.c.)  in  figure  5. 

8  See  Pearson  and  Hartleys’  Tables  (1941). 

9  Evaluated  by  using  inverse  interpolation  (see  Whittaker  and  Robinson,  1934)  in  K.  Pearson’s  tables  . 
(1934a  and  1934b). 
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struct  the  three-variate  test  as  given  in  section  4.3,  then  from  this,  the 
four-variate  test,  and  so  on. 

The  procedure  of  weighting  for  crowding  and  compensation  for  over¬ 
crowding  will  be  seen  to  generalize  fairly  readily  from  the  case  n  =  3 
to  the  cases  n  >  3.  From  this  it  seems  reasonable  to  conclude  that  the 
average  risk  of  the  multiple  comparisons  test  for  the  general  case  is  fairly 
close  to  being  a  minimum. 

CONCLUDING  REMARKS 

N  o  attempt  has  been  made  in  this  paper  to  illustrate  the  various  issues 
involved  with  examples  from  applied  problems,  or,  at  the  end,  to  present 
the  proposed  test  in  a  form  convenient  for  practical  applications.  This 
has  been  done  already  in  the  preceding  paper  by  the  author  (1951)  and 
the  reader  is  asked  to  refer  to  this  for  a  discussion  stressing  the  more 
applied  aspects. 

The  work  in  this  and  the  preceding  paper  has  been  done  with  the 
financial  assistance  of  a  University  of  Sydney  Pawlett  Scholarship  at 
the  Iowa  State  College,  a  Commonwealth  Research  Grant  at  the  Uni¬ 
versity  of  Sydney  and  a  contract  with  the  Bureau  of  Agricultural  Eco¬ 
nomics  at  the  Agricultural  Experiment  Station  of  the  Virginia 
Polytechnic  Institute. 
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Observations  on  the  Egg  Masses  of  Spotted 
Salamanders,  Ambystoma  maculatum 
(Shaw),  in  the  Williamsburg  Area 

John  Thornton  Wood1 
University  of  Virginia 

Robert  Holden  Wilkinson 
College  of  William  and  Mary 

Reported  here  are  observations  on  the  nesting  of  Spotted  Sala¬ 
manders,  Ambystoma  maculatum  (Shaw),  on  the  Virginia  coastal  plain. 
The  data  on  the  time  of  egg  deposition,  the  number  of  eggs  voided  in 
discrete  groups,  and  the  dimensions  of  egg  masses  are  compared  with 
published  records  of  the  nesting  of  this  species  in  other  regions. 

On  February  13,  1949  nests  of  Ambystoma  maculatum  were  dis¬ 
covered  for  the  first  time  in  Tidewater  Virginia  by  Dr.  J.  T.  Baldwin 
and  Dr.  B.  M.  Speese  of  the  College  of  William  and  Mary.  They 
collected  several  egg  masses  and  adult  specimens  from  roadside  ditches 
bordering  State  Highway  5  about  2  miles  west  of  Five  Forks,  James 
City  County.  Subsequent  field  work  by  the  senior  author  disclosed  a 
number  of  other  breeding  habitats  in  the  Williamsburg  area.  One  of 
these  was  noteworthy  for  its  small  water  area  and  large  number  of  egg 
masses.  Excavation  of  a  clay  bank  adjacent  to  the  Confederate  Redoubt 
one  mile  southeast  of  Williamsburg  resulted  in  the  formation  of  two 
pools.  These  pools  are  shallow  (maximum  depth,  12  inches),  and  have  a 
combined  surface  area  of  less  than  300  square  feet,  yet  in  1951  they 
contained  47  discrete  egg  masses. 

In  any  locality  the  date  on  which  egg-deposition  is  initiated  varies 
from  year  to  year.  Brimlev  (1939)  reports  that  in  the  vicinity  of  Raleigh, 
North  Carolina,  breeding  begins  in  late  January  in  some  years,  and  as 
late  as  March  in  others.  This  great  latitude  in  the  date  on  which  egg- 
laying  is  initiated  has  not  been  confirmed  by  the  observations  of  Wright 
(1908)  and  Bishop  (1941),  who  found  that  in  western  New  York,  over 
a  period  of  many  years,  the  first  egg  masses  of  Ambystoma  maculatum 
have  invariably  been  noted  between  late  March  and  mid-April.  In  the 
Williamsburg  area  eggs  were  first  noted  on  February  13th  in  1949,  and 
on  February  24th  in  1951. 

In  habitats  near  Williamsburg  the  egg-laying  period  of  Ambystoma 
maculatum  coincided  with  that  of  Hemidactylium  scutatum  in  1951, 
lasting  from  February  24th  to  March  10th.  In  some  habitats  both  of 

1  Work  on  this  report  was  completed  when  the  senior  author  was  a  staff 
member  of  the  Virginia  Fisheries  Laboratory  and  the  Department  of  Biology 
of  the  College  of  William  and  Mary. 
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these  species  were  encountered,  but  this  was  not  usual.  In  a  pond  at 
Five  Forks  Hemidactylium  females  and  eggs  were  found  in  the  moss, 
Thuidium  delicaiulum  (Hedw.)  Mitt,  along  the  banks,  and  masses  of 
Ambystoma  maculatum  eggs  were  noted  nearby  attached  to  submerged 
sticks  under  from  four  to  ten  inches  of  water. 

The  eggs  of  Ambystoma  maculatum  are  deposited  in  a  matrix  of 
jelly.  The  dimensions  of  an  egg  mass  are  partly  a  function  of  the  number 
of  eggs  involved,  but  are  also  influenced  by  the  amount  of  water  which 
has  been  absorbed  by  the  eggs  and  jelly,  and  by  the  extent  of  cohesion 
of  the  jelly  matrix.  Bishop  (1941)  noted  that  in  New  York  egg  masses 
in  early  stages  of  development  had  diameters  of  from  2%  to  3%  inches, 
but  he  pointed  out  that  continued  water  absorption  and  partial  disintegra¬ 
tion  of  the  matrix  may  greatly  increase  the  diameter,  “  .  .  .  one  such 
distended  mass  measured  4%  inches  in  diameter.”  Many  Virginia  egg 
masses  were  larger  than  those  reported  by  Bishop.  The  smaller  masses 
tended  to  remain  spherical  when  suspended  in  water,  but  the  larger 
aggregations  of  eggs  appeared  as  elongated  oval  masses.  The  largest 
Virginia  egg  mass  measured  156  mm.  long,  119  mm.  wide,  and  43  mm. 
deep;  the  smallest  mass  measured  76  mm.,  63  mm.,  and  28  mm.  for  the 
respective  dimensions. 

Bishop  (1941)  found  that  the  ovaries  of  a  gravid  Ambystoma 
maculatum  may  contain  over  200  eggs,  and  that  most  nests  contain  less 
eggs  than  the  probable  full  ovarian  complement  of  a  female.  Although 
some  nests  contained  200  eggs,  others  contained  as  few  as  12,  with  the 
number  generally  nearer  100  (Bishop,  1941  ;  Pope,  1944).  Bishop  (1943) 
reports  that  a  female  may  deposit  her  eggs  in  one  or  two  large  masses,, 
or  in  a  half  dozen  small  ones.  These  reports  indicate  that  an  egg-group 
found  in  the  field  is  not  likely  to  be  correlated  with  the  number  of  ovarian 
eggs  in  the  gravid  female  that  deposited  it.  The  possibility  that  more 
than  one  female  may  deposit  their  eggs  in  a  single  nest  is  suggested  by 
Hay’s  (1893)  report  of  egg  masses  containing  from  300  to  400  eggs.  It 
is  also  possible  that  this  number  of  eggs  was  arrived  at  by  estimate  rather 
than  through  a  direct  count,  or  that  aberrant  specimens  were  involved. 

Twenty-one  nests  from  the  Williamsburg  area  were  dissected  to 
determine  the  numbers  of  eggs  involved.  These  nests  contained  the  fol¬ 
lowing  numbers  of  eggs:  190,  164,  151,  151,  150,  129,  125,  125,  124,  122, 
113,  96,  89,  88,  81,  81,  77,  73,  57,  52,  and  49.  The  mean  of  these 
counts  is  109  eggs,  with  a  standard  deviation  of  38.2.  In  nine  New  York 
nests  Bishop  (1941)  found  the  following  numbers  of  eggs:  256,  167,. 
159,  144,  124,  120,  101,  75,  and  61.  The  mean  number  of  eggs  in  these 
nine  nests  is  134,  and  the  standard  deviation  is  54.7.  These  data  show 
that  the  number  of  eggs  deposited  by  Ambystoma  maculatum  in  a  dis¬ 
crete  mass  is  highly  variable.  Smith’s  (1950)  report  that  in  Kansas 
each  nest  contains  “approximately  100  eggs”  is  at  variance  with  these 
findings. 
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SUMMARY 

In  the  Williamsburg  area  egg  masses  of  Amby stoma  maculatum 
were  first  noted  in  middle  and  late  February,  in  1949  and  1951.  In  the 
latter  year,  in  the  ponds  near  Confederate  Redoubt  located  one  mile 
southeast  of  Williamsburg,  the  last  egg  masses  had  been  deposited  by 
March  10th,  the  term  of  egg-laying  lasting  two  weeks.  Eggs  were 
counted  in  21  nests,  and  their  numbers  per  mass  ranged  from  49  to  190. 
Little  central  tendency  was  evident  from  these  data.  Egg  masses  were 
variable  in  size  and  shape,  with  smaller  ones  usually  appearing  spheroi¬ 
dal,  and  larger  ones  frequently  elongate  and  flattened. 
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The  Production  of  Hyperkeratosis  by  the 
Administration  of  a  Lubricant 

Wilson  B.  Bell 
Virginia  Polytechnic  Institute 

Since  the  report  on  bovine  hyperkeratosis  (X-Disease)  by  Olafson 
(1947),  observations  of  various  workers  have  indicated  that  the  con¬ 
dition  is  widespread  in  the  United  States.  The  disease  has  appeared  on 
a  number  of  farms  in  Virginia,  and  in  some  instances  has  caused  con¬ 
siderable  losses.  The  etiology  of  many  outbreaks  has  remained  obscure 
in  spite  of  attempts  to  identify  an  infectious  agent,  a  nutritional  dis¬ 
turbance,  or  a  toxic  substance.  During  the  investigation  of  an  outbreak 
in  March  1951  it  became  apparent  that  a  toxic  substance  or  substances 
might  be  the  causative  agent.  Materials  were  obtained  and  experiments 
conducted  to  test  this  possibility.  This  report  describes  the  results 
obtained  with  one  of  the  materials,  a  lubricant,  with  which  symptoms 
and  lesions  of  bovine  hyperkeratosis  were  experimentally  produced  in 
calves. 


LITERATURE 

The  early  attempts  to  demonstrate  the  etiological  agent,  recently 
reviewed  by  Olson  and  Cook  (1951),  either  failed  or  resulted  in  the 
production  of  one  of  two  conditions,  both  unlike  the  spontaneously 
occurring  disease.  The  early  attempts  at  experimental  production  of 
bovine  hyperkeratosis  failed  to  produce  the  characteristic  lacrimation, 
skin  lesions,  or  the  typical  chronic  symptoms.  Olson,  Cook  and  Brouse 
(1950)  reported  on  an  outbreak  in  a  group  of  calves  fed  various  rations. 
They  obtained  data  that  indicated  an  unknown  factor  or  factors  in  the 
particular  alfalfa  hay  and  dicalcium  phosphate  used  that  enhanced  the 
severity  of  the  disease.  Olson  and  Cook  (1951)  later  reported  the  develop¬ 
ment  of  hyperkeratosis  in  experimental  calves  fed  the  feed-stuff  left 
over  from  the  original  feeding  trial.  The  environment  and  contact  were 
eliminated  as  possible  factors.  Olafson  and  McEntee  (1951)  were  able 
to  produce  experimentally  bovine  hyperkeratosis  by  the  feeding  of  a 
processed  concentrate  feed-stuff.  Later  McEntee,  Hansel,  and  Olafson 
(1951)  succeeded  in  producing  hyperkeratosis  in  cattle  with  the  free 
fatty  acid  fraction  of  the  ether  extract  of  the  processed  concentrate. 
Wagener  (1951)  published  recently  the  results  of  his  observations 
made  from  1946  to  1948  on  bovine  hyperkeratosis  in  Germany.  He  was 
able  to  produce  the  disease  with  a  particular  wood  preservative  which 


Received  for  publication  November  30,  1951. 


72 


The  Virginia  Journal  of  Science 


[. January 


affected  the  animals  by  contact,  feeding,  or  inhalation.  These  recent 
developments  indicate  that  bovine  hyperkeratosis  is  caused  by  a  toxic 
substance  or  substances,  although  the  specific  agent  has  not  yet  been 

reported. 


MATERIALS  AND  METHODS 

Approximately  five  pounds  of  lubricant  (Lot  1)  were  obtained  from 
a  farm  on  which  hyperkeratosis  had  occurred.  Normal  calves,  ranging 
in  age  from  33  to  65  days,  were  obtained  from  the  Virginia  Polytechnic 
Institute  herds  and  placed  in  a  barn  in  separate  stalls.  No  cattle  had 
been  housed  in  this  barn  for  the  past  three  years.  The  ration  consisted 
of  hay,  grain,  and  milk  obtained  from  the  parent  herd  in  which  hyperkera¬ 
tosis  is  known  not  to  have  occurred.  The  calves  were  all  handled  in  the 
same  manner,  except  for  exposure  to  the  lubricant,  and  no  attempt  at 
isolation  was  made.  Four  calves  were  administered  varying  amounts  of 
lubricant  by  means  of  gelatin  capsules;  two  calves  were  given  varying 
amounts  of  a  lubricant  (Lot  2)  purchased  on  the  market,  and  two  calves 
served  as  controls.  One  control  calf  (No.  241)  was  kept  in  a  separate 
stall  while  the  other  control  (No.  1356)  was  kept  for  a  total  of  65  days 
in  a  stall  with  calves  receiving  the  lubricant.  The  rate  and  duration  of 
administration  of  the  lubricant  were  varied  according  to  the  response  of 
the  calf.  In  all  cases  the  administration  was  stopped  when  it  became 
obvious  that  irreparable  damage  had  occurred. 

The  lubricant  was  administered  according  to  the  following  schedules: 
Calf  242 — Lot  1  lubricant.  15  grams  daily  for  the  first  7  days,  none 
for  the  next  5  days,  then  10  grams  daily  for  the  next  12  days 
of  administration. 

Calf  1351 — Lot  1  lubricant.  15  grams  daily  for  the  first  13  days,  10 
grams  on  the  14th  day,  then  15  grams  on  the  15th  and  16th 
days. 

Calf  247 — Lot  1  lubricant.  15  grams  daily  for  the  first  13  days,  10 
grams  doily  for  the  next  4  days,  then  5  grams  on  the  18th 
day  of  administration. 

Calf  252 — Lot  1  lubricant.  5  grams  daily  for  the  first  10  days,  then 
5  grams  on  the  12th,  14th,  16th  and  17th  days. 

Calf  1366 — Lot  2  lubricant.  10  grams  daily  for  the  first  12  days,  none 
on  the  13th  day,  then  10  grams  daily  for  the  next  5  days. 
Calf  1371- — Lot  2  lubricant.  15  grams  daily  for  the  first  12  days,  none 
on  the  13th  day,  then  15  grams  daily  for  the  next  5  days. 

RESULTS  AND  DISCUSSION 

The  four  calves  exposed  by  means  of  oral  administration  to  the 
lubricant  obtained  from  the  farm  and  the  two  calves  similarly  exposed 
to  the  purchased  lubricant  developed  symptoms  and  lesions  associated 
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with  bovine  hyperkeratosis ;  no  symptoms  or  lesions  developed  in  the  con¬ 
trols.  During  the  period  of  study,  July  10,  1951  to  October  25,  1951 
and  subsequently,  no  symptoms  or  lesions  of  hyperkeratosis  and  no 
evidence  of  a  dietary  deficiency  appeared  in  35  calves  in  the  parent 
herd  which  received  the  same  ration  as  the  calves  used  in  the  experiment. 

Since  the  response  of  the  calves  exposed  to  the  lubricant  obtained 
from  the  farm  was  similar  to  the  response  of  the  calves  to  the  purchased 
lubricant,  the  two  groups  will  be  discussed  together.  The  first  symptom 
noticed  in  all  calves  was  lacrimation,  which  began  from  the  5th  to  the 
13th  day  and  generally  lasted  throughout  the  duration  of  the  disease. 
In  some  cases  the  lacrimation  was  so  profuse  that  the  cheeks  remained 
wet.  A  slight  rise  in  temperature  (103.0°F.  to  104.6°F.)  lasting  for  a 
few  days,  occurred  in  four  calves  about  the  time  of  the  appearance  of 
lacrimation.  All  calves  showed  slight  loss  of  appetite  during  the  early 
phases  of  symptoms.  A  transient  diarrhea  appeared  in  three  calves  from 
the  5th  to  the  11th  day,  and  in  two  calves  in  the  later  stages,  on  the 
27th  and  29th  days.  Four  calves  showed  some  salivation,  which  began 
as  early  as  the  9th  day  and  as  late  as  the  18th  day. 

Red  areas  on  the  lips  and  hard  palate  occurred  in  all  calves.  These 
areas  appeared  on  the  8th  day  after  beginning  the  feeding  in  one  case 
and  as  late  as  the  22nd  day  in  another.  These  areas  disappeared  in  some 
instances,  to  be  followed  by  development  of  similar  areas  at  other  sites. 
The  gums  (Fig.  1)  of  four  calves  became  red  and  swollen.  This  change 
began  at  one  incisor  and  in  some  cases  progressed  until  the  entire  gum 
was  involved.  Papilloma-like  proliferative  changes  developed  in  each 
calf  either  on  the  tongue,  gums,  dental  pad,  or  muzzle  (Figs.  2,  3,  4,  5). 
One  calf  developed  such  changes  at  all  of  these  sites  and  a  second  calf 
developed  them  at  three  of  the  areas. 

The  skin  of  all  calves  exposed  to  the  lubricant  became  dry,  hard 
and  thickened.  The  folds  of  the  skin  became  especially  prominent  over 
the  face,  neck  and  shoulders.  These  changes  began  as  early  as  the  11th 
day  from  the  initial  feeding  in  one  calf  and  as  late  as  the  29th  day  in 
another  (Figs.  5,  7). 

The  same  general  picture  was  presented  by  all  calves  on  autopsy. 
In  addition  to  the  skin  and  proliferative  changes  already  described,  gross 
changes  were  found  in  the  digestive  and  urinary  tracts  of  the  calves. 
Flat  ulcers  were  present  in  the  abomasum  of  5  calves ;  in  some  instances 
the  mucosa  of  the  intestinal  tract  was  thickened.  The  kidneys  appeared 
enlarged  and  pale,  and  pale  streaks  were  present  in  the  cortex.  Each 
liver  presented  light  colored  areas,  varying  in  size,  on  the  surface;  one 
liver  had  an  extra-hepatic  cyst.  These  areas  extended  into  the  par¬ 
enchyma.  The  gall  bladder  was  distended  in  most  calves,  and  the  wall 
appeared  thickened  in  all  cases.  Small  cyst-like  nodules  on  the  lining  of 
the  gall  bladder  were  seen  in  5  calves. 
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Examination  of  tissues  obtained  at  autopsy  revealed  histological 
changes  that  are  in  agreement  with  the  changes  reported  by  the  authors 
previously  cited.  An  accumulation  of  keratinized  material  and  keratini- 
zation  of  the  hair  follicles  developed  (Fig.  8)  although  these  changes 
were  not  so  extensive  as  those  seen  in  more  chronic  cases.  Cystic  dilata¬ 
tions  of  the  collecting  tubules  in  the  kidney  cortex  with  accompanying 
fibrosis  were  present  in  all  calves  (Fig.  9).  Areas  of  degenerating  liver 
cells  (Fig.  10)  with  occasional  cellular  infiltrations,  were  seen  in  some 
liver  sections.  Some  areas  of  fibrosis  were  also  present,  as  were  prolifer¬ 
ations  of  the  bile  ducts.  Cystic  dilatations  of  the  glands  of  the  gall  bladder 
were  observed  in  some  instances  (Fig.  11).  These  occurred  at  the  site 
of  the  nodules  observed  at  autopsy.  The  kidney  changes  were  uniform 
for  all  calves;  however,  the  other  changes  described  do  not  represent  a 
complete  and  detailed  study  of  all  individuals. 

The  cause  of  the  condition  produced  by  the  lubricant  was  rapid 
when  compared  to  spontaneous  cases  of  hyperkeratosis.  One  calf,  No. 
1351,  developed  a  secondary  abscess  of  the  tongue  and  pharynx  and 
died  on  the  25th  day.  The  remainder  of  the  calves  were  allowed  to  go 
until  they  became  extremely  weak,  at  which  time  autopsies  were  per¬ 
formed.  The  duration,  under  these  conditions,  ranged  from  27  to  39 
days.  The  amount  of  lubricant  administered  varied  from  70  grams  ad¬ 
ministered  in  17  days,  to  255  grams  administered  in  18  days.  There  was 
no  recognizable  relation  of  severity  of  the  symptoms  produced  to  the 
amount  administered.  The  initial  symptoms  of  lacrimation  appeared  in 
Calf  252  in  7  days  and  after  a  total  of  30  grams  of  lubricant  while 
in  Calf  1351  lacrimation  appeared  on  the  11th  day  after  a  total  of  150 
grams  of  lubricant.  There  appeared  no  relation  between  the  gross 
changes  produced  and  the  degree  of  exposure,  except  possibly  in  Calf 
252.  This  calf,  which  received  the  smallest  amount,  developed  the  most 
typical  proliferative  changes  of  the  oral  mucosa.  This  suggests  that  the 
administration  of  smaller  amounts  of  the  lubricant  might  result  in  a  more 
prolonged  and  chronic  syndrome.  The  cessation  of  administration  of  the 
lubricant  resulted  in  no  improvement  in  the  condition  of  the  calves,  and 
it  is  apparent  that  the  amounts  given  were  more  than  sufficient  to  bring 
about  the  symptoms  and  lesions  observed.  The  time  of  appearance  of  the 
first  symptoms,  subsequent  developments,  and  the  duration  of  the  dis¬ 
ease  produced  are  in  general  agreement  with  the  data  reported  by 
McEntee,  Hansel,  and  Olafson  (1951). 


Legend  for  Figures 

Fig.  1 — Gums  reddened  and  swollen,  Calf  247,  at  21  days.  Fig.  2 — 
Oral  papillomas,  Calf  252,  at  25  days.  Fig.  3— Papilloma  on  dental  pad, 
Calf  252,  at  25  days.  Fig.  4 — Wart-like  proliferation  of  muzzle,  Calf 
252,  at  25  days.  Fig.  5 — Section  of  proliferative  lesion  mouth,  Calf.  252. 
Fig.  6— Hyperkeratosis,  Calf  242,  at  36  days. 
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SUMMARY 

Hyperkeratosis  has  been  experimentally  produced  in  calves  by  the 
administration  of  a  lubricant  recovered  from  a  farm  on  which  the  disease 
had  occurred  and  by  a  similar  product  purchased  on  the  market.  Typical 
symptoms  and  lesions  were  produced  in  six  calves  while  two  controls, 
one  of  which  was  in  contact  exposure,  remained  normal.  As  little  as  70 
grams  administered  over  a  period  of  17  days  produced  the  symptoms  and 
lesions.  As  far  as  the  author  is  aware  this  is  the  first  experimental  pro¬ 
duction  of  bovine  hyperkeratosis  with  a  petroleum  product. 
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Legend  for  Figures 

Fig.  7 — Skin  area  of  neck,  Calf  1371,  at  38  days.  Fig.  8 — Section  of 
skin,  Calf  1366,  showing  keratinized  layer  and  keratinization  of  hair 
follicles.  Fig.  9 — Section  of  kidney,  Calf  242,  showing  cystic  dilatation  of 
tubules.  Fig.  10 — Section  of  liver,  Calf  242,  showing  degeneration  of 
cells.  Fig.  11 — Section  of  gall  bladder,  Calf  1366,  showing  dilatation  of 
glands. 
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News  and  Notes 

( Editor’s  note :  News  contributions  should  be  sent  to  the 
person  whose  name  appears  at  the  end  of  the  appropriate 
section .) 

NOTES  FROM  THE  PRESIDENT 

I  have  a  few  brief  announcements  and  comments  for  which  I  beg  a 
moment  of  your  attention. 

Your  Council,  at  the  request  of  the  Chamberlin  Hotel  at  Old  Point 
Comfort,  has  agreed  to  postpone  our  annual  meeting  to  the  third  week¬ 
end  in  May.  1952,  that  is,  the  15th,  16th,  and  17th.  This  was  done 
because  the  original  date  agreed  upon  proved  difficult  for  the  hotel 
management  We  hope  this  will  not  inconvenience  you  and  that  you  will 
make  your  plans  accordingly. 

May  I  call  attention  to  the  notices  which  you  will  receive  from  your 
Section  Secretaries  in  February  calling  for  papers  for  the  May  meetings. 
Please  cooperate  with  the  deadline  which  he  sets  for  receiving  these  titles 
for  he  must  make  up  your  Section  program  and  submit  it  to  our  Editor 
by  March  5th.  At  the  same  time  your  Section  Secretary  will  request  you 
to  submit  an  abstract  of  your  paper  not  to  exceed  200  words.  Please 
give  your  attention  to  this  matter  because  if  it  is  too  long,  the  Editorial 
Staff  will  find  it  impractical  to  consult  with  you  individually  and  will 
be  forced  to  resort  to  their  own  judgment  with  regard  to  its  reduction. 

At  the  suggestion  of  Mr.  John  Thornton  Wood,  Chairman  of  our 
Committee  on  Resource-Use  Education,  I  wrote  Governor  John  S.  Battle 
requesting  him  to  examine  the  possibility  of  making  available  to  the  pub¬ 
lic  schools  literature  on  Conservation  in  a  form  that  would  be  of  value 
to  these  groups.  He  referred  this  matter  to  the  Department  of  Education 
and  it  is  our  hope  that  steps  in  this  direction  will  be  taken. 

The  Administrative  Secretary  of  the  American  Association  for  the 
Advancement  of  Science  requested  the  members  of  the  Association’s 
Council  to  write  to  the  Senate  Appropriations  Committee  to  restore  the 
budget  of  the  National  Science  Foundation  reduced  by  the  House  Com¬ 
mittee  from  the  requested  fourteen  million  dollars  to  three  hundred  thou¬ 
sand  dollars.  Nearly  thirteen  millions  of  the  requested  budget  had  been 
earmarked  for  basic  research  and  for  a  fellowship  program.  I  wrote  in 
the  name  of  our  Academy  to  the  Chairman  of  the  Senate  Appropriations 
Committee.  I  am  recently  informed  that  budget  was  finally  approved  at 
three  million  dollars.  I  regret  that  the  letters  of  scientists  did  not  move 
the  Congressmen  to  restore  more  of  the  requested  budget. 

Dr.  Henry  Leidheiser,  Jr.  has  written  a  fine  article  in  which  he 
tries  to  interest  more  industrial  scientists  in  our  State  in  the  Virginia 
Academy  of  Science  and  in  presenting  more  papers  at  our  annual  meet- 
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ings.  (See  The  Bulletin  of  the  Virginia  Section  of  the  American  Chemical 
Society,  Vol.  29,  numbers  1  and  3,  1951.)  I  wish  to  extend  a  cordial 
invitation  to  all  of  these  scientists  not  yet  members  to  join  this  Academy 
and  take  an  active  part  on  its  programs. 

Finally.  I  would  request  you  to  send  me  such  suggestions  as  you 
deem  appropriate  and  feasible  of  execution  designed  to  make  our  Academy 
function  more  effidiently  for  the  cause  of  scientific  research,  science 
teaching,  and  for  the  development  of  interest  in  science  in  Virginia. 

Paul  M.  Patterson 

RESEARCH  COMMITTEE 

Encouragement  of  research  in  Virginia  has  always  been  one  of  the 
chief  objectives  of  the  Academy.  Research  Grants-in-Aid,  and  also  the 
annually  available  J.  Shelton  Horsley  Research  Award,  are  offered  by 
the  Academy  to  encourage  and  stimulate  research  work  of  its  members. 
The  attention  of  Academy  members  is  called  to  the  availability  of  both 
the  Grants -in- Aid,  and  the  Award.  The  Research  Committee  urges  the 
greater  interest  and  participation  of  members  in  both. 

Research  Grants-in-Aid 

The  income  from  the  Academy’s  Endowment  Fund  is  set  aside  each 
year  to  provide  assistance  to  Academy  members  who  submit  to  the 
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Research  Committee  worthy  research  problems  for  which  financial  aid 
is  needed.  Research  grants  have  varied  in  amount  but  during  recent  years 
have  averaged  approximately  $100.00  each. 

The  applicant  is  requested  to  outline  his  problem  and  list  the  items 
for  which  assistance  is  required.  The  names  and  addresses  of  three 
persons  who  know  his  qualifications  for  scientific  research  should  be 
submitted  with  the  request. 

Grants  will  be  made  on  the  basis  of  (1)  apparent  merit  of  the 
research  project,  and  (2)  the  need  of  the  grant  to  aid  in  carrying  out 
a  project,  or  some  portion  of  it.  Worthy  problems  being  worked  on  by 
younger  members,  and  by  members  on  staffs  of  smaller  schools — as  well 
as  investigations  by  older  members  and  by  those  on  staffs  of  larger 
institutions — will  be  given  full  consideration  in  the  awarding  of  grants. 

Since  funds  are  now  available,  the  committee  urges  that  applications 
be  mailed  at  an  early  date  to  W.  S.  Flory,  Jr.,  Boyce,  Virginia,  so  that 
they  may  be  considered  at  its  next  meeting. 

J.  Shelton  Horsley  Research  Award 

Members  of  the  Academy  and  officers  of  Sections  are  requested  to 
give  thought  to  the  entering  of  papers  for  the  ,1952  Horsley  Research 
Award.  The  only  requirements  for  eligibility  for  the  J.  Shelton  Horsley 
Research  Award  in  1951  were  that  submitted  papers  should  (1)  present 
original  research  (2)  by  Academy  members  (3)  at  the  annual  May 
meeting,  -  (4)  the  paper  dealing  either  with  unpublished  data  or  be  a 
published  work  -  if  publication  had  not  been  prior  to  May  of  the  previous 
year. 

It  is  anticipated  that  essentially  the  same  rules  will  apply  to  eligi¬ 
bility  in  1952  as  in  1951.  Details  of  these  will  be  worked  out  by  the 
Research  Committee  early  in  1952,  and  will  be  supplied  to  every  member 
by  the  secretaries  of  the  various  Sections  with  their  calls  for  papers 
for  the  May  meeting.  Members  desiring  details  of  eligibility  before 
receiving  the  secretaries  call  for  papers  will  be  furnished  with  this 
information  or  inquiry  to  the  Research  Committee. 

The  Section  Officers  are  again  asked  to  serve  as  advisors  to  the 
Research  Committee  and  to  pass  on  to  it  papers  which  they  deem  prize¬ 
worthy,  even  though  they  are  not  formally  submitted  for  the  award.  This 
procedure  in  1950  and  1951  resulted  in  a  marked  increase  in  the  number 
of  papers  considered. 

The  Horsley  Award  is  one  of  the  top  prizes  available  to  scientists 
in  Virginia.  The  widespread  interest  and  participation  of  members  in 
the  seeking  of  this  award  will  mark  a  healthy  condition  with  respect  to 
the  type  of  research  work  being  carried  out  in  the  state.  Such  interest  and 
participation  is  desired  and  solicited.-— W.  S.  Flory,  Jr.,  The  Blandy 
Experimental  Farm,  University  of  Virginia,  Boyce 
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INSTITUTE  OF  TEXTILE  TECHNOLOGY 

Eleven  Research  Fellows  arrived  at  the  Institute  of  Textile  Tech¬ 
nology,  Charlottesville,  on  September  13  to  begin  their  first  year  in  the 
Institute’s  two-year  graduate  program. 

Their  arrival  marks  the  fifth  academic  year  of  the  Institute  edu¬ 
cational  program  which  leads  to  the  Master  of  Science  degree  in  textile 
technology.  Only  students  showing  a  special  interest  and  aptitude  in 
textile  science  or  having  practical  experience  in  textile  work  are  accepted 
by  the  Institute. 

The  new  students  are:  Richard  P.  Barber,  Bradford  Durfee  Techni¬ 
cal  Institute:  Anibal  L.  Ferreira,  New  Bedford  Textile  Institute;  Isaac 
Jarkowsky,  Brooklyn  College;  Lawrence  C.  Legere  New  Bedford  Tex¬ 
tile  Institute;  Earl  J.  Nickerson,  Lowell  Textile  Institute;  Arthur  J. 
Pendleton,  Rhode  Island  School  of  Design;  Robert  G.  Seid,  Georgia 
Institute  of  Technology;  Robert  E.  Staples,  Bradford  Durfee  Technical 
Institute;  Albin  F.  Turbak,  New  Bedford  Textile  Institute;  James  W. 
Whitworth,  Lowell  Textile  Institute;  Theodore  Williamson,  Jr.,  Brad¬ 
ford  Durfee  Technical  Institute. 

Agricultural  Science  Section 

Agricultural  workers  in  Virginia  regret  to  hear  that  Mr.  V.  A. 
Tiedjens  has  resigned  as  Director  of  the  Virginia  Truck  Experiment 
Station  to  accept  a  position  with  a  fertilizer  concern  in  Ohio.  Mr.  Tiedjens 
has  served  the  vegetable  growers  faithfully  and  well  during  his  years  at 
the  Norfolk  Station.  Although  the  horticultural  industry  in  Virginia  is 
suffering  a  real  loss  in  the  resignation  of  Mr.  Tiedjens  all  his  friends 
join  in  wishing  him  the  best  of  success  in  his  new  work  in  Ohio. 

The  new  Director  at  the  Virginia  Truck  Experiment  Station  will  be 
Mr.  William  H.  Brittingham  who  has  been  horticulturist  at  the  Texas 
Agricultural  and  Mechanic  Arts  College  since  1944.  Mr.  Brittingham  is 
a  plant  breeder  by  training.  He  was  born  in  Portsmouth,  Virginia  in 
1907,  secured  his  B.S.  from  Penn  State  and  an  A.M.  degree  from  Prince¬ 
ton  in  1929  His  Ph.  D.  degree  was  obtained  at  Maryland  in  1942,  with 
a  major  in  plant  breeding. 

Mr.  Flood  Andrews  has  been  granted  a  leave  of  absence  from  his 
duties  in  the  vegetable  section  of  the  department  of  horticulture  at 
Virginia  Polytechnic  Institute  to  assist  in  the  Foreign  Agricultural  Pro¬ 
gram  of  the  U.S.  Department  of  Agriculture.  Mr.  Andrews  will  be 
stationed  in  Bolivia,  South  America.  He  will  assist  in  setting  up  research 
and  demonstration  projects  in  vegetable  production. — W.  P.  Judkins, 
Virginia  Agricultural  Experiment  Station,  Blacksburg. 

Astronomy,  Mathematics,  Physics  Section 

A  new  building  to  house  the  departments  of  Mathematics  and 
Physics  is  under  construction  at  Randolph-Macon  College.  It  is  to  be 
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completed  at  the  end  of  the  present  session. 

Mr.  E.  E  Gardner  former  instructor  in  Physics  at  Virginia  Poly¬ 
technic  Institute  has  accepted  a  position  as  Assistant  Professor  of  Physics 
at  the  Naval  Academy. 

Mr.  John  Linsley  has  joined  the  staff  of  Rouss  Physical  Laboratory 
as  Assistant  Professor  of  Physics.  He  has  recently  been  associated  with 
Professor  E  P.  Ney  of  the  University  of  Minnesota,  former  member 
of  this  section,  in  cosmic  ray  research. 

Mr.  A.  R.  Kuhlthau  has  returned  to  the  University  of  Virginia  as 
a  member  of  the  staff  of  the  Naval  Ordnance  Laboratory.  He  has  been 
on  the  Physics  staff  at  the  University  of  New  Hampshire. 

Mr.  J.  L.  Young,  III  has  resigned  from  (Re  staff  of  the  Naval  Ord¬ 
nance  Laboratory  at  the  University  of  Virginia  to  accept  a  position  at 
Los  Alamos. 

Mr.  R.  E.  Alley,  Jr.,  formerly  at  University  of  Richmond,  is  now 
a  member  of  the  research  department  of  Bell  Laboratories.  Professor  J.  J. 
Taylor  has  been  named  Acting  Chairman  of  the  Physics  Department  in 
his  place. 

New  members  of  the  Physics  staff  at  University  of  Richmond  are 
G.  P.  Williams,  Jr.  and  C.  O.  Alley,  Jr.  Mr.  Williams  was  a  member 
of  the  Carson- N ewman  faculty  before  coming  to  Richmond.  Mr.  Alley 
returns  from  Princeton  University  where  he  was  doing  graduate  work. 

Professor  B.  V.  English  of  the  Physics  Department  of  Randolph- 
Macon  College  has  been  granted  a  year’s  leave  of  absence  to  pursue 
graduate  studies  at  Pennsylvania  State  College. 

Professor  J.  W.  Beams  of  the  University  of  Virginia  has  been 
appointed  a  member  of  the  committee  of  the  National  Heart  Institute. 

Three  new  members  of  the  Physics  staff  at  Virginia  Military  Insti¬ 
tute  are  M.  J.  Clingan,  D.  R.  Carpenter,  and  J.  B.  Breazeale.  Mr.  Clingan 
was  last  year  a  member  of  the  faculty  of  Newberry  College.  Mr.  Car¬ 
penter  comes  from  Cornell  University  and  Mr.  Breazeale  from  the 
University  of  Alabama. — I.  G.  Foster,  Virginia  Military  Institute. 

Bacteriology  Section 

The  fall  meeting  of  the  Bacteriology  section  was  held  at  the  College 
of  William  and  Mary  on  November  17,  1951.  After  a  luncheon  at  the 
Williamsburg  Lodge  the  following  scientific  program  was  presented. 

A  Simple  Medium  for  the  Detection  of  Pseudomonas ,  J.  M.  Sharpley.. 
Laboratories,  Dept,  of  Health,  City  of  Richmond,  Virginia. 

The  Isolation  of  Enterococci  from  Urine ,  A.  L.  Rosensweig  and 
Norman  Ikan.  McGuire  Veterans  Hospital,  Richmond,  Virginia. 

Types  of  Streptococci  found  in  the  Vagina  of  Mares,  Melahat  Pusat 
and  P.  Arne  Hansen.  Dept,  of  Bacteriology  and  Live  Stock  Sanitary- 
Service  Laboratory,  University  of  Maryland,  College  Park,  Maryland. 
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A  Possible  Source  of  Error  in  the  Microscopic  Examination  of 
Smears  for  Tuberculosis ,  A.  L.  Rosensweig.  McGuire  Veterans  Hospital^ 
Richmond,  Virginia. 

Streptococci  as  Secondary  Invaders  in  Blackhead  Liver  Lesions 
Arthur  P,  Harrison  and  P.  Arne  Hansen.  Dept,  of  Bacteriology  and 
Live  Stock  Sanitary  Service  Laboratory,  University  of  Maryland.,  Col¬ 
lege  Park,  Maryland. 

Fermentation  of  Inositol  by  Propionibacterium  pentosaceum,. 
Wesley  A.  Volk.  Dept,  of  Microbiology,  University  of  Virginia,  School 
of  Medicine,  Charlottesville,  Virginia. 

Factors  Relative  to  Growth  of  Endamoeba  hystolitica,  E.  Clifford 
Nelson.  Dept,  of  Bacteriology  and  Parasitology,  Medical  College  of 
Virginia,  Richmond,  Virginia. 

Infectious  Hazards  of  Bacteriological  Techniques ,  Film  by  U.  S. 
Public  Health  Service.  C.D.C. 


IN  MEMORIAM 

With  the  death  of  Doctor  George  McLean  Lawson  on  September 
20,  1951,  the  members  of  the  Bacteriology  section  of  the  Virginia 
Academy  of  Science  lost  one  of  their  most  highly  esteemed  members. 
Doctor  Lawson's  leadership  was  instrumental  in  the  development  of 
this  section  of  the  Academy  and  with  his  passing  the  members  will  deeply 
miss  a  fine  friend  and  wise  counselor. 

— J.  Douglas  Reid,  Medical  College  of  Virginia. 

Biology  Section 

Mr.  Austin  B.  Clark’s  manuscript  entitled  “The  Butterflies  of  Vir¬ 
ginia”  has  gone  to  the  printer  and  should  appear  before  1951.  There  will 
be  81  plates  illustrating  each  of  the  155  species  known  from  Virginia, 
and  few  that  should  occur  here  but  which  have  not  as  yet  been  found. 

A  grant-in-aid  by  the  Virginia  Academy  in  1941  has  led  to  the 
recent  appearance  of  the  first  genethnics  manual  by  E.  S.  Craighill 
Handy  and  Elizabeth  Green  Handy.  “The  Genethnic  Screen”  is  pub¬ 
lished  by  Genethnics  Incorporated,  Oakton,  Virginia. 

Mr.  Colgate  W.  Darden,  Jr.,  President  of  the  University  of  Virginia, 
has  recentlv  announced  the  promotion  of  Mr.  Edwin  M.  Betts  from 
Associate  Professor  to  Professor  of  Biology  and  Mr.  B.  F.  D.  Runk 
from  Assistant  to  Associate  Professor  of  Biology. 

Mr,  Dabney  Lancaster,  President  of  Longwood  College,  has  an¬ 
nounced  the  promotion  of  Mr.  Robert  T.  Brumfield  from  Associate  Pro¬ 
fessor  to  Professor  of  Biology, 

The  following  biologists  from  Virginia  worked  during  the  summer 
at  Oak  Ridge  National  Laboratory: 

Mr.  Robert  T.  Brumfield 
Mr  James  Norman  Dent 
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Mr.  Orland  E.  White,  Director  of  the  Blandy  Experimental  Farm, 
Boyce,  Virginia  has  returned  to  the  University  of  Virginia  after  serving 
the  past  year  as  Visiting  Professor  at  University  College,  Mandalay, 
Burma. — Ladley  Husted,  University  of  Virginia 

Chemistry  Section 

Frank  Berton  Carpenter,  who  was  for  fifty  years  Chief  Chemist  of 
the  Virginia-Carolina  Chemical  Corporation,  died  on  October  3,  1951, 
at  the  age  of  87.  He  was  one  of  the  organizers  of  the  Virginia  Chemists’ 
Club,  in  1907,  and  was  later  one  of  the  chairmen  of  the  Virginia  Section 
of  the  American  Chemical  Society. 

Mr.  Earl  K.  Fischer,  former  chief  of  the  paint  section  of  the  Na¬ 
tional  Bureau  of  Standards,  who  for  four  years  was  head  of  the  physical 
chemistry  division  of  the  Institute  of  Textile  Technology,  at  Charlottes¬ 
ville,  died  of  a  heart  attack  at  his  home  in  Kensington,  Maryland,  in 
August,  1951. 

From  the  Medical  College  of  Virginia:  Mr.  Charles  C.  Clayton, 
assistant  professor  of  biochemistry,  has  been  awarded  a  grant  of  $5,184.00 
by  the  United  States  Public  Health  Service  to  apply  to  research  on  the 
relation  of  minerals  to  cancer.  An  additional  $4,500.00  is  ear-marked  for 
the  continuation  of  this  study  in  its  second  year. 

Mr.  Paul  S.  Larson,  research  professor,  of  biochemistry,  and  also 
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pharmacologist  for  the  American  Tobacco  Company  Research  Laboratory, 
presented  a  paper  at  the  American  Chemical  Society  Jubilee  in  New  York 
in  September  on  “Present  Knowledge  Concerning  the  Metabolism  of 
Nicotine  by  the  Animal  Body  and  the  Nature  and  Action  of  Tobacco 
Smoke  Irritants/’  Later  in  September  he  presented  a  related  paper  at 
the  World  Tobacco  Congress  in  Amsterdam,  Holland. 

Mr.  R.  Blackwell  Smith,,  dean  of  the  School  of  Pharmacy  and  asso¬ 
ciate  professor  of  pharmacology,  presented  a  paper  entitled  “Toxicologi¬ 
cal  Studies  on  the  Zinc  and  Disodium  Salts  of  Ethylene-ZnVdithio- 
carbamates”  at  the  XHth  International  Congress  of  Pure  and  Applied 
Chemistry  in  New  York  City  in  September.  Associated  with  Mr.  Smith 
in  this  work  were  Messrs.  J.  K.  Finnegan,  P.  F.  Sahyoun,  H.  B.  Haag, 
and  Paul  S.  Larson. 

The  July  number  of  the  Proceedings  of  the  Society  for  Experimental 
Biology  and  Medicine  contained  a  paper  by  Messrs.  G.  Watson  James, 
III,  and  Lynn  D.  Abbott,  Jr.,  on  the  “Effectiveness  of  Thiocyanate  Ana¬ 
log  of  Vitamin  B^  in  Pernicious  Anemia/’ 

Mr.  J.  C.  Forbes  and  Mr.  G.  M.  Duncan  are  authors  of  a  paper  on 
“The  Effect  of  Acute  Alcohol  Intoxication  on  the  Adrenal  Glands  of 
Rats  and  Guinea  Pigs,”  appearing  in  the  September  issue  of  the  Quarterly 
Journal  of  Studies  on  Alcohol . 

From  the  Virginia  Institute  for  Scientific  Research:  Mr.  Carl  J. 
Likes,  former  head  of  the  department  of  chemistry  at  Hampden-Sydney 
College,  and  Mr.  Victor  J.  Kehrer,  formerly  of  the  Nickel  Fellowship 
at  the  Mellon  Institute,  have  joined  the  staff  of  the  Institute. 

From  the  University  of  Richmond :  Mr.  Thomas  C.  Franklin  (Ph.  D., 
Ohio  State  University)  is  assistant  professor  of  chemistry  in  charge  of 
physical  chemistry.  Mr.  Lemuel  F.  Smith,  professor  emeritus  of  Kalama¬ 
zoo  College,  is  visiting  lecturer  in  chemistry.  Puryear  Fellowships  for 
graduate  study  in  chemistry  have  been  awarded  to  Mr.  Fletcher  B.  Owen, 
from  the  University  of  Richmond,  and  Mr.  Ray  D.  Sothern,  from  Ursinus 
College. 

From  the  University  of  Virginia :  Mr.  Fred  W.  Young  has  returned 
from  Oak  Ridge  as  research  associate  in  chemistry.  Mr.  Lewis  B.  Johnson 
is  research  associate  in  chemistry  at  the  School  of  Engineering.  Mr.  Tom 
Crowell  has  returned  from  du  Pont  to  his  position  at  the  University. 
Mr.  John  Cathcart  has  joined  the  Division  of  Metallurgy  at  Oak  Ridge. 
Mr.  Carl  D.  Lunsford  has  been  awarded  a  predoctoral  du  Pont  Fellowship 
for  work  under  the  direction  of  Mr.  Robert  E.  Lutz. 

From  the  Virginia  Polytechnic  Institute :  Under  the  direction  of 
Mr.  Nelson  F.  Murphy,  a  listing  of  “Chemical  and  Chemical  Engineering 
Journals  Available  in  Virginia”  has  been  completed. 

Mr.  Frank  A.  Vingiello  spent  the  summer  studying  moderators  for 
the  Aircraft  Nuclear  Reactor  at  the  Oak  Ridge  National  Laboratory. 
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Mr.  Russell  E.  Leed  has  been  granted  leave  of  absence  for  a  year  for 
work  with  the  Atomic  Energy  Commission  at  Oak  Ridge.  Col.  W.  L. 
McPherson  participated  in  the  28rd  Radioisotopes  Techniques  Course 
during  the  summer  at  Oak  Ridge. 

From  Hollins  College :  Miss  Lois  Ann  Trafton  (A.  B.,  Hollins)  of 
Norfolk  has  joined  the  staff  of  the  department  of  chemistry. 

— William  E.  Trout,  Jr.,  Box  216, 
University  of  Richmond,  Virginia 

Engineering  Section 

The  Central  Virginia  Engineers’  Club  is  an  organization  of  people 
engaged  in  or  interested  in  the  profession  and  practice  of  Engineering, 
bound  in  fellowship  by  the  desire  for  increased  professional  unity  and 
social  relaxation. 

Its  membership  is  made  up  principally  from  residents  of  the  Rich¬ 
mond,  Petersburg,  and  Hopewell  areas.  Meetings  are  held  jointly  with 
one  of  the  National  Societies  such  as  American  Society  of  Mechanical 
Engineers,  American  Society  of  Civil  Engineers,  American  Society  of 
Refrigerating  Engineers,  American  Institute  of  Electrical  Engineers,. 
American  Institute  of  Architects,  and  American  Chemical  Society.  In 
addition  to  the  meetings  several  inspection  trips  have  been  made.  The 
membership  is  approximately  four  hundred. 
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The  Department  of  Chemical  Engineering,  Virginia  Polytechnic 
Institute  is  carrying  on  research  on  the  eleetrodeposition  of  aluminum, 
financed  by  a  grant  from  the  Air  Material  Command. 

Fred  W.  Bull,  Associate  Professor  of  Chemical  Engineering,  Vir¬ 
ginia  Polytechnic  Institute,  has  been  on  leave,  for  work  at  Oak  Ridge. 

V.  G.  Szebehely,  Applied  Mechanics  Department,  Virginia  Poly¬ 
technic  Institute.,  resigned  in  September,  1951,  for  a  research  position 
with  the  David  Taylor  Model  Basin. 

Dan  Frederick  returned  to  Virginia  Polytechnic  Institute  after  a 
year’s  leave  of  absence  at  the  University  of  Michigan,  where  he  completed 
all  requirements  for  his  Ph.  D.  in  Mechanics  except  his  thesis.  This  he 
is  now  working  on.  He  was  promoted  to  an  Associate  Professor  in  Ap¬ 
plied  Mechanics  in  September,  1951. 

D.  H.  Pletta,  Head  of  Applied  Mechanics,  Virginia  Polytechnic 
Institute,  attended  the  annual  meeting  of  the  ASCE  in  New  York, 
October  22-26,  for  the  dedication  ceremonies  of  the  newly  formed  En¬ 
gineering  Mechanics  Division.  He  is  Chairman  of  the  Technical  Com¬ 
mittee  on  Experimental  Analysis  and  Analogues. 

Mr.  Pletta  also  attended  the  annual  convention  of  the  Virginia 
Society  of  Professional  Engineers  at  Old  Point  Comfort  on  November 
1-2.  He  is  First  Vice  President  of  this  society  for  the  coming  year,  and 
is  also  a  member  of  the  Committee  on  Education  of  the  National  Society 
of  Professional  Engineers. 

The  Virginia  Society  of  Professional  Engineers,  Inc.,  Mr.  John  A. 
Rives,  President,  has  started  publication  of  a  magazine  of  news  and 
articles  relating  to  professional  engineering.  Called  The  Virginia  En¬ 
gineer,  the  journal  is  published  quarterly  under  Editor  H.  H.  Roberts. 

The  Virginia  Society  of  Professional  Engineers  held  their  third 
annual  meeting  at  Old  Point  Comfort  on  Nov.  2-3,  1951.  The  program 
included  talks  by  Louis  Lee  Guy,  Member  of  the  Virginia  House  of 
Delegates  on  “Is  Legislation  Desirable”;  by  T.  Keith  Legare,  Executive 
Secretary  of  the  National  Council  of  State  Boards  of  Engineering  Ex¬ 
aminers,  on  “The  Development  of  Engineering  Registration”;  and  by 
L.  L.  Dresser,  President  of  the  National  Society  of  Professional  En¬ 
gineers,  on  “Professional  Aspects  of  Members  and  the  National  Society.” 

Mr.  Frank  C.  Vilbrandt,  Head  of  the  Department  of  Chemical 
Engineering  at  Virginia  Polytechnic  Institute,  was  an  Executive  Staff 
member  of  the  Temporary  National  Office  of  Ordnance  Research,  De¬ 
partment  of  the  Army,  located  at  Duke  University,  Durham,  North  Caro¬ 
lina,  from  August  13  to  September  15,  and  is  being  retained  as  consultant 
of  the  permanent  organization,  but  he  is  now  back  in  Blacksburg. 

Mr.  N.  F.  Murphy,  Research  Professor  in  Chemical  Engineering, 
was  appointed  as  delegate  to  the  World  Metallurgical  Congress  in  Detroit, 
Michigan,  October  14  to  20,  where  he  was  a  member  of  a  group  of 
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international  scientists  assembled  for  the  exchange  of  information. 
Mr.  Murphy  was  assigned  to  the  specific  group  which  discussed  the 
various  problems  in  the  field  of  metallurgical  education. 

— Nelson  F.  Murphy*  Virginia  Polytechnic  Institute 

Psychology  Section 

A  number  of  State  psychologists  attended  the  annual  meetings  of 
the  American  Psychological  Association  in  Chicago*  August  30  -  Septem¬ 
ber  5.  From  the  University  of  Virginia  Mr.  Frank  A.  Geldard  spoke  at 
a  symposium:  Relations  between  Governmental  and  Non-Governmental 
Development  of  Psychological  Resources,  and  was  chairman  of  one  of 
the  sessions  sponsored  by  the  Division  of  Military  Psychology*  of  which 
he  is  president.  Mr.  Richard  H.  Henneman  presented  a  paper*  A  Com¬ 
parison  of  Vision  and  Audition  as  Sensory  Channels  for  Communication. 
Mr.  L.  Starling  Reid  read  a  paper*  The  Development  of  Non-Continuity 
Behavior  through  Continuity  Learning.  Several  psychologists  from  the 
Lynchburg  State  Colony  also  attended  the  APA  meetings:  Mr.  John  N. 
Buck,  Miss  Hannah  S.  Davis,  Mr.  Allen  Cohen,  and  Mr.  William  Dakos. 
Mr.  Buck  was  chairman  of  a  round  table:  Theoretical  and  Practical 
Aspects  of  the  H-T-P  Technique;  Miss  Davis  presented  a  paper.  The 
Case  of  the  Rays. 

Mr.  John  N.  Buck  retired  in  September  as  chief  psychologist  of  the 
Lynchburg  State  Colony.  His  present  address  is  P.  O.  Box  157,  White 
Stone,  Lancaster  County*  Virginia.  Miss  Hannah  S.  Davis  was  appointed 
acting  chief  psychologist  to  succeed  Mr.  Buck  at  the  Colony.  Miss  Lois 
Brinkmann,  of  Miami,  Florida,  was  appointed  as  a  psychological  interne 
at  the  Colony  on  October  1. 

At  a  meeting  of  the  State  Board  for  the  Examination  of  Clinical 
Psychologists  held  at  the  Lynchburg  State  Colony  on  August  4*. 
Mr.  Reuben  Horlick  was  certified  as  a  clinical  psychologist  in  the  State 
of  Virginia. 

The  Advisory  Psychophysiology  Panel  of  the  Office  of  Naval  Re¬ 
search  met  at  the  University  of  Virginia  on  November  12  and  13. 
Mr.  Frank  A.  Geldard,  a  member  of  the  panel  and  director  of  a  Naval 
research  contract  on  tactual  vibratory  sensitivity  at  the  University  was 
host  to  the  group. 

The  Section  Secretary  has  been  notified  by  the  Executive  Secretary 
of  the  American  Psychological  Association  of  the  elimination  of  the 
membership  class  of  State  Affiliate.  This  action  by  the  Council  of  Repre¬ 
sentatives  of  the  APA  will  in  effect  discontinue  the  status  of  membership 
in  the  APA  of  several  members  of  the  Psychology  Section  of  the  Vir¬ 
ginia  Academy  of  Science.  The  membership  status  of  State  Affiliates  was 
terminated  as  of  December  31,  1951*  along  with  the  attendant  privilege 
of  subscribing  to  APA  journals  at  the  special  rates.  Those  individuals 
interested  in  becoming  associate  members  of  the  APA  may  obtain  infor- 
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mation  relative  to .  qualifications  and  procedures  from  either  Mr.  S.  B. 
Williams  •  of  the  College  of  .William  and  'Mary,  or  from  the  Executive 
Offices  of  the  American  Psychological  Association,  1515  Massachusetts 
Avenue,  N.  W.,  Washington  5,  D.  C. 

A  course  in  the  Rorschach  method  is  being  planned  at  the  University 
of  Virginia  through  the  Department  of  Education  for  the  Spring  Semes¬ 
ter.  The  course  will  be  given  in  three  terms,,  the  first  year  being  devoted 
to  basic  principles  of  scoring  and  interpretation,  with  the  third  term 
being  concerned  with  advanced  interpretation.  It  will  be  open  to  practic¬ 
ing  clinicians  and  psychologists  with  advanced  graduate  training.  For 
further  information  applicants  may  write  to  Lindley  J.  Stiles,  Dean,  De¬ 
partment  of  Education,  University  of  Virginia,  or  to  the  Instructor,. 
Arthur  J.  Bachraeh,  Director,  Division  of  Clinical  and  Medical  Psy¬ 
chology,  University  of  Virginia  Hospital,  Charlottesville,  Virginia. 

— Richard  H.  Henneman,  University  of  Virginia. 

Statistics  Section 

Mr.  Charles  Mottley,  Mr.  J.  W.  Youden,  Mr.  Boyd  Harshbarger,. 
Mr.  R.  A.  Bradley,  Mr.  G.  W.  Tyler,  Mr.  D.  B.  Duncan,  Mr.  M.  E. 
Terry  attended  the  joint  Institute  of  Mathematical  Statistics  and 
American  Society  for  Quality  Control  meetings  in  celebration  of  the  50th 
Anniversary  of  the  National  Bureau  of  Standards.  Mr.  D.  B.  Duncan 
presented  a  paper,  and  Mr.  J.  W.  Youden  an  invited  address. 

The  Department  of  Statistics  of  Virginia  Polytechnic  Institute  pre¬ 
sented  as  its  fall  quarter  invited  speakers:  Mr.  John  W.  Tukey,  Prince¬ 
ton,  November  2  and  3;  Mr.  John  H.  Nair,  Director  of  Research  of 
Thomas  Lipton  Company,  November  26;  Mr.  D.  B.  DeLury,  Ontarin 
Research  Council,  December  7  and  8.  The  department  has  fourteen  gradu¬ 
ate  students  with  Mr.  Thomas  Russell,  teaching  fellow  and  Mr.  Clyde 
Kramer  in  charge  of  the  Statistical  Laboratory.  Two  semi-annual  reports 
on  research  on  statistical  methods  for  sensory  difference  testing  are  now 
available  from  the  Department  of  Statistics  of  Virginia  Polytechnic 
Institute. 

Mr.  Charles  Beasley,  Fellow  of  the  Institutes  of  Public  Health  has 
resigned  his  fellowship  on  the  activation  of  his  reserve  commission,  United 
States  Army. 

Mr.  E.  L.  Cox  is  now  on  the  staff  at  Dugway  Proving  Ground,  Utah. 

The  Institute  of  Mathematical  Statistics  and  the  E.N.A.R.  section 
of  the  Biometrics  Society  will  hold  a  joint  Spring  meeting  March  19-21, 
1952,  on  the  campus  of  Virginia  Polytechnic  Institute.  Dormitory  facili¬ 
ties  will  be  provided  for  male  graduate  students  for  $1.00  per  night. 

Mr.  Elie  Weeks  and  Mr.  John  W.  Griswold,  Quartermaster  Board, 
Fort  Lee  visited  the  Department  of  Statistics  on  Oct.  9.  Mr.  Griswold 
has  joined  the  Academy. 
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Members  of  the  section  are  invited  and  encouraged  to  present  papers 
at  the  May  meeting  of  the  Academy.  Titles  should  be  sent  to  the  secretary 
no  later  than  February  18,  1952. — Milton  E.  Terry,  Virginia  Poly¬ 
technic  Institute. 
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Genetic  Linkage  in  the  Common  Rat, 
Rattus  norvegicus 

W.  E.  Castle 

The  basic  law  of  heredity  was  formulated  by  Gregor  Mendel  in 
1865  but  failed  of  recognition  as  such  by  contemporary  biologists  for 
nearly  a  generation,  and  had  to  be  rediscovered  independently  and  veri¬ 
fied  in  1900  by  three  European  botanists,  de  Vries,  Correns,  and 
Tschermak. 

Its  revolutionary  principles  seem  to  us  relatively  simple  and 
obvious  in  the  light  of  present  day  knowledge  of  the  structure  and  be¬ 
havior  of  the  cell  in  sexual  reproduction,  but  such  was  not  the  case  when 
Mendel  wrote  his  paper  on  Experiments  in  Plant  Hybridization. 

He  showed  that  when  varieties  of  peas  are  crossed  which  differ  in 
a  character,  such  as  color  of  the  flower,  height  of  the  stem  or  composi¬ 
tion  of  the  seed,  the  character  of  one  parent  prevailed  in  the  progeny, 
while  that  of  the  other  parent  receded  from  view,  only  to  reappear  in 
a  later  generation.  Thus,  in  a  cross  between  a  variety  with  colored 
flowers  and  a  variety  with  white  flowers,  the  progeny  had  colored 
flowers,  but  in  the  next  generation  white  flowered  plants  reappeared  in 
one  fourth  of  the  progeny,  yielding  the  basic  Mendelian  ratio,  3  domi¬ 
nants  to  1  recessive. 

These  occurrences  involve  two  principles,  which  we  may  designate 
as  (1)  the  principle  of  dominance  of  one  form  of  a  character  over  its 
alternative  form  or  allele,  and  (2)  the  principle  of  segregation  which 
leads  to  a  separation  of  the  different  alleles  united  in  a  hybrid  so  that 
they  pass  into  different  reproductive  cells.  Thus  in  a  union  of  dominant 
character  A  with  recessive  a ,  the  hybrid  Aa  shows  only  the  dominant 
character,  A,  but  produces  gametes  A  and  a  in  equal  numbers. 

A  third  principle  came  to  light  when  Mendel  crossed  varieties 
which  differ  in  two  characters,  such  as  tallness  of  stem  and  color  of 
flowers.  Tall  stem  dominates  over  short  stem  and  colored  flowers  over 
white  flowers,  so  that  the  hybrids  are  all  tall  and  have  colored  flowers. 
But  their  gametes,  egg  cells  and  pollen  cells,  half  of  them  carry  the 
determiner  for  tallness,  half  for  shortness;  half  carry  the  determiner  for 
colored  flowers  and  half  for  white  flowers.  But  each  pair  of  characters 
segregates  and  recombines  independently  of  the  other,  so  that  the 
gametes  are  of  four  sorts  equally  numerous,  vis.,  tall  colored,  tall  white, 
short  colored  and  short  white.  Under  self-fertilization,  which  prevails 
among  peas,  the  next  generation  of  plants  will  consist  of  plants  in  a 


Editor’s  Note:  We  are  pleased  to  present  this  invited  article  by  Mr  W  E 
Castle,  Professor  Emeritus  of  Genetics,  Harvard  University:  at  present  Re¬ 
search  Associate  in  Genetics  at  the  University  of  California. 
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ratio  of  9  double  dominants  (tall,  flowers  colored),  3  single  dominants 
(tall,  white  flowered),  3  single  dominants  (short,  flowers  colored),  and 
1  double  recessive  (short,  white  flowered).  This  is  the  so-called  F2 
dihybrid  Mendelian  ratio.  It  follows  from  the  principle  of  independent 
segregation  and  recombination  of  each  character  pair.  Mendel  observed 
no  exception  to  the  rule,  but  following  the  rediscovery  of  his  law  excep¬ 
tions  began  to  be  observed. 

The  first  was  reported  by  Bateson  and  Punnett  in  1911.  They 
verified  in  the  case  of  the  sweet  pea  the  principles  which  Mendel  had 
based  on  experiments  with  garden  peas,  but  found  that  in  the  case  of 
certain  characters,  deviations  from  the  expected  9:3:3:1  ratio  were 
consistently  obtained.  They  sought  in  vain  for  a  satisfactory  explana¬ 
tion  of  the  deviations.  The  facts  which  they  established  were  that  when 
certain  characters  were  introduced  into  a  dihybrid  cross  by  one  parent, 
and  their  alleles  by  the  other  parent,  the  original  combinations  emerged 
from  the  cross  in  greater  number  than  new  combinations.  This  occurrence 
was  designated  by  Bateson  and  Punnett,  coupling  of  characters  intro¬ 
duced  together  in  a  cross,  and  repulsion  of  characters  introduced 
separately.  Its  full  explanation  had  to  await  a  series  of  discoveries  made 
by  Wilson,  Sutton,  Boveri,  and  Morgan. 

Mendel  had  conceived  of  the  characters  borne  in  the  germcells  as 
having  each  a  different  material  basis.  This  is  shown  in  the  following 
sentences  from  his  paper.  “Sofar  as  experience  goes,  we  find  it  in  every 
case  confirmed  that  constant  progeny  can  only  be  formed  when  the  egg 
cells  and  the  fertilizing  pollen  are  of  like  character,  so  that  both  are 
provided  with  the  material  for  creating  quite  similar  individuals.”  .  .  . 
“Since  the  various  constant  forms  are  produced  in  one  plant,  or  even  in 
one  flower  of  a  plant,  the  conclusion  appears  logical,  that  in  the  ovaries 
of  the  hybrids  there  are  formed  as  many  sorts  of  egg  cells,  and  in  the 
anthers  as  many  sorts  of  pollen  cells,  as  there  are  possible  constant 
combination  forms,  and  that  these  egg  and  pollen  cells  agree  in  their 
internal  composition  with  those  of  the  separate  forms.” 

The  series  of  discoveries  already  referred  to  had  shown  that  the 
material  basis  of  inherited  characters,  postulated  by  Mendel,  actually 
resided  in  the  chromosomes  of  the  germ  cells.  We  have  come  to  call  the 
basis  of  each  separately  inherited  character  a  gene,  the  term  suggested 
by  Johannsen.  Studies  made  by  Morgan  and  his  pupils  established  the 
fact  that  genes  located  in  the  same  member  of  a  chromosome  pair  have 
a  tendency  to  go  together  in  transmission,  while  those  located  in  different 
members  of  the  same  chromosome  pair  have  a  tendency  to  stay  apart. 
Coupling  and  repulsion  of  Bateson  and  Punnett  are  thus  accounted  for 
in  the  single  principle  of  what  Morgan  designated  as  linkage ,  the  location 
of  genes  in  an  identical  chromosome  pair. 

Morgan’s  pupil,  Sturtevant,  devised  a  means  of  estimating  the 
relative  distance  apart  of  genes  located  in  the  same  chromosome  by 
assuming  that  the  closer  together  two  genes  are,  the  stronger  will  be 
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their  tendency  to  stay  together,  and  vice  versa,  the  farther  apart  their 
loci,  the  greater  will  be  their  tendency  to  separate.  The  percentage  of 
cases  in  which  genes  separate  (always  less  than  50,  if  they  lie  in  the 
same  chromosome  pair)  may  be  taken  as  the  basis  of  making  a  diagram¬ 
matic  “chromosome  map.”  Since  the  act  of  separation  of  coupled  genes 
involves  a  crossing  over  of  a  gene  from  one  member  of  a  chromosome 
pair  to  the  other  member  at  synapsis,  its  frequency  is  called  a  cross-over 
percentage,  and  chromosome  maps  are  based  upon  it. 

So  much  for  the  fact  of  genetic  linkage  and  the  technique  of  estima¬ 
ting  its  strength.  Let  us  now  turn  to  its  application  in  one  of  the  few 
mammals  extensively  studied  with  regard  to  linkage  of  inherited 
characters. 

When  Mendelian  experiments  with  rats  were  undertaken  in  1902, 
three  gene  pairs  were  available  for  study.  (1)  Gene  A  for  agouti,  the 
wild  gray  coat  pattern,  and  its  recessive  allele  a  for  non-agouti  (black) 
coat;  (2)  gene  c  for  albinism  recessive  to  C  for  full  color;  (3)  gene  h 
for  hooded  (piebald)  coat,  recessive  to  H  (self  coat).  Crosses  involving 
these  genes  showed  that  all  three  were  independent  of  each  other,  recom¬ 
bining  in  typical  Mendelian  fashion. 

The  first  indication  of  linkage  in  rats  was  obtained  when  a  cross 
was  made  between  two  newly  discovered  varieties  of  yellow  rats  caught 
in  England  about  1907.  Both  varieties  had  a  bright  yellow  coat  but 
differed  in  eye  color,  which  was  pink  in  one,  red  in  the  other.  Both 
were  recessive  in  crosses  with  wild  gray  rats.  When  they  were  crossed 
with  each  other,  the  young  had  a  gray  coat  similar  to  that  of  wild  rats, 
showing  that  their  genes  were  different,  though  complementary  in 
physiological  action.  The  F2  progeny  fell  into  three  classes,  gray,  red¬ 
eyed  yellow  and  pink-eyed  yellow,  a  9:3:4  inheritance  ratio  being 
expected  if  the  genes  were  independent  of  each  other,  borne  in  different 
chromosome  pairs.  In  reality  there  were  fewer  grays  than  expected  and 
more  yellows,  both  red-eyed  and  pink-eyed.  This  indicated  that  genes 
r  and  p  (symbols  for  red-eye  and  pink-eye  respectively)  were  borne 
in  different  members  of  the  same  chromosome  pair,  when  the  cross  was 
made,  so  that  they  repelled  each  other  in  gametogenesis,  and  produced 
an  excess  of  yellow  coated  young  in  F2. 

Further  studies  of  the  yellow  varieties  showed  that  their  genes  were 
linked  with  c,  the  albino  gene,  as  well  as  with  each  other.  Three  genes 
were  thus  located  in  a  common  chromosome,  which  was  designated 
chromosome  I.  A  large  amount  of  linkage  data  obtained  in  later  years, 
with  assistance  chiefly  from  L.  C.  Dunn  and  W.  L.  Wachter,  has  result¬ 
ed  in  the  following  map  for  chromosome  I. 

p  r  c  l  w 

0  20.5  21  24.3  66.3 

In  this  map,  p  and  r  stand  for  pink-eye  and  red-eye  respectively,  l  for 
a  lethal  resulting  in  skeletal  abnormalities,  discovered  by  Greeneberg 
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in  England,  c  for  albinism,  and  w  for  waltzing,  discovered  by  Helen  D. 
King  at  the  Wistar  Institute. 

A  second  linkage  system  and  chromosome  map  resulted  from  the 
discovery  by  Dr.  King  of  the  dominant  gene  Cu  for  curly  coat  and  b 
for  chocolate  pigmentation,  recessive  to  B,  black.  The  crossover  per¬ 
centage  between  them  was  found  to  be  40.5  +  1.3.  Later,  more  extensive 
investigations  increased  the  estimated  cross-over  percentage  to  45.2  + 
0.7. 

Additional  genes,  since  located  in  chromosome  II  are  an,  anemia, 
lethal  when  homozygous,  because  of  deficiency  of  hemoglobin  in  the 
blood;  in,  incisorless,  complete  absence  of  incisor  teeth  in  homozygotes, 
a  most  remarkable  mutation  since  incisor  teeth  are  a  very  important 
functional  organ  of  all  rodents;  Sh,  shaggy  (rough)  coat,  a  result  of 
curved  hairs;  and  s  silver,  mixture  of  white  with  colored  hairs  in  adult 
coat. 

The  linkage  map,  as  now  indicated  is: 

Sh  Cu  an  in  s  b 

0  4  14.3  28  47  52 

This  does  not  mean  that  a  cross  between  the  most  distant  genes  (shaggy 
and  brown)  would  result  in  a  cross-over  percentage  greater  than  50, 
but  that  the  map  distances  between  individual  intervening  genes,  when 
summated,  exceeds  50.  The  excess  is  a  result  of  double  crossing  over, 
simultaneous  crossing  at  two  different  intermediate  loci,  leaving  the 
end  loci  unaffected  as  regards  each  other. 

From  the  foregoing  it  may  be  seen  that  chromosome  maps  I  and  II 
include  numerous  identified  genes,  five  in  chromosome  I,  six  in  chromo¬ 
some  II. 

Minor  linkage  systems  now  identified  include  only  two  genes  each. 
hr  wo 

They  are  III  - -  ,  between  the  recessive  genes 

0  40.3 

for  hairless  and  wobbly  locomotion. 

h  st 

IV.  -  ,  between  kinkv  coat  and  stub  tail,  a 

0  34.1 

semi-lethal. 

A  f 

V.  -  ,  between  agonti  (gray)  and  fawn,  a 

0  44.6 

dilution  factor  affecting  black-brown  pigment. 
cw  sh 

VI.  - ,  between  cowlick  (reversed  hair  direction 
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on  the  back)  and  shaker,  a  locomotor  defect.  Linkage  data  for  chromo¬ 
some  VI  are  as  yet  incomplete,  but  the  fact  of  linkage  between  Cm,  s, 
and  b  in  chromosome  II  is  beyond  question. 

The  following  genes  have  been  shown  to  be  independent  of  genes 
located  in  chromosomes  I  -  VI  and  so  may  be  regarded  as  markers  of 
prospective  linkage  systems. 

VII.  j,  jaundice,  resulting  in  yellow  pigmented  skin  and  hair  owing 
to  defective  liver  metabolism,  as  in  human  jaundice. 

VIII.  Cm,  curly  2,  phenotypically  like  curly,  but  genetically  inde¬ 
pendent  of  it  as  well  as  of  other  genes  in  chromosomes  I  -  VI. 

IX.  Ca,  cataract,  a  dominant  eye  defect. 

X.  d,  blue  dilution  resulting  from  clumping  of  pigment  granules 
in  black  and  brown  pigmented  hair. 

XI.  h,  the  piebald  pattern  of  hooded  rats. 

The  remaining  ten  chromosome  pairs  are  at  present  without 
identifying  mutant  genes. 
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Figure  1.  Paired  alignments  of  the  twenty-one  pairs  of  chromosomes 
seen  in  four  spermatogonial  cells  of  the  rat.  After  S.  Makino,  1942. 


Drawings  of  the  twenty-one  chromosome  pairs  of  the  rat  made 
from  microsopic  studies  by  Prof.  S.  Makino  show  two  pairs  a  and  b, 
much  larger  and  longer  than  the  others.  It  seems  rather  probable  that 
these  are  chromosomes  I  and  II,  the  bearers  of  numerous  mutant  genes, 
but  which  is  which  remains  uncertain. 

More  accurate  determination  of  chromosome  identity  is  possible  in 
organisms  such  as  Drosophila  and  Crepis  in  which  the  chromosome 
numbers  are  smaller  and  morphological  differences  among  them  obvious. 
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Observations  on  Orifice  Plate  Stresses 

at 

Pressure  in  Excess  of  20,000  P.S.I. 

B.  A.  Niemeier 

Experiment  Incorporated,  Richmond  2,  Virginia 

INTRODUCTION 

In  the  course  of  certain  investigations  undertaken  at  this  Laboratory, 
it  became  necessary  to  design  and  construct  an  unusual  type  of  piston- 
cylinder-orifice  assembly.  This  unit  was  required  to  be  capable  of 
withstanding  the  very  high  pressure  heads  needed  for  injection  of  small 
quantities  of  liquids  through  the  orifice  in  exceedingly  short  time  inter¬ 
vals  (.001  to  .005  seconds).  The  mechanical  functioning  of  such  “in¬ 
jectors”  has  been  found  somewhat  complicated  by  unexpected  problems 
as  a  result  of  elastic  and  plastic  dimensional  changes.  Full  understanding 
of  the  stresses  and  strains,  both  static  and  dynamic,  to  be  encountered  in 
such  devices  appears  far  from  complete.  The  initial  orifice  design  was 
based  on  data  secured  by  application  of  simple  shear  theory.  In  the 
present  work,  an  analysis  of  orifice  plate  stresses  under  sudden  loading 
is  applied  in  an  attempt  to  explain  orifice  failures  of  the  type  encounter¬ 
ed.  Furthermore,  it  was  of  interest  to  ascertain  whether  a  static  orifice 
diameter  actually  exists  under  such  conditions  of  load.  The  problems  in 
evaluating  the  stress  zone  for  these  purposes  are  discussed  in  the  follow¬ 
ing  sections. 

EQUIPMENT 

The  equipment  in  which  the  high  pressure  injection  process  of 
interest  takes  place  is  shown  schematically  in  Figure  1.  Basically,  two 
injection  units,  a  pressurizing  unit,  and  pressure  pickups  are  contained 
in  a  large  steel  forging.  The  arrangement  of  each  injection  unit  is 
such  that  a  moving  piston,  (Figure  2)  can  be  employed  to  force  liquids 
(in  the  present  instance  reactive  chemical  species)  through  the  orifice 
into  a  reaction  zone  or  chamber.  To  provide  the  pressure  necessary  to 
move  the  piston  and  hence  the  liquid  forward  through  the  orifice,  a 
standard  20  mm  cartridge  case  loaded  with  nitrocellulose  powder  is  em¬ 
ployed  in  the  pressurizing  unit.  Several  sets  of  cylinders  with  various  ori¬ 
fice  diameters  have  been  employed  in  investigating  different  rates  of 
flow  into  the  reaction  zone.  Since  flow  rates  were  of  primary  concern, 
possible  resultant  overstressing  of  the  cylinder  end  when  very  small 
orifices  were  used  could  be  tolerated. 
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Recording  of  pressures  Pp  and  Pc  in  the  pressurizing  and  reaction 
zones,  respectively,  was  accomplished  by  using  electrical  circuits  of 
special  design  to  transmit  signals  from  the  piezoelectric  crystal  gauges 
(shown  in  Figure  1)  to  a  Dumont  Dual  Beam  Oscilloscope. 

EXPERIMENTAL  PROCEDURE 

Arrangement  of  each  injector  was  such  as  to  provide  the  orienta¬ 
tion  shown  in  Figure  2.  In  this  manner,  manual  loading  of  the  liquids 
into  each  cylinder  could  easily  be  effected  through  the  open  orifice,  and 
no  orifice  seal  was  required  to  prevent  leakage. 

The  first  step  in  assembly  was  to  locate  and  seal  the  piston  with 
wax  on  its  rear  face  to  complete  the  injector  unit.  This  was  followed  by 
insertion  of  a  cartridge  case,  loaded  with  a  measured  quantity  of  nitro¬ 
cellulose  powder,  in  the  pressurizing  unit.  The  quantity  of  powder  em¬ 
ployed  was  sufficient  to  provide  a  value  of  approximately  27,000  p.s.i. 
for  Pp.  After  the  pressurizing  unit  was  assembled  into  the  housing,  the 
injectors  were  filled  with  the  specified  charge,  manually  loaded  into 
the  proper  cavities  in  the  housing,  and  the  injector  closing  plugs  located. 
Electrical  connections  to  pressure  gauges  and  to  a  solenoid  controlled 
firing  pin  were  made  to  complete  the  operation.  When  the  firing  pin  is 
struck,  high  pressure  is  transmitted  to  the  rear  face  of  the  pistons,  there¬ 
by  forcing  the  liquids  into  the  reaction  zone. 

RESULTS  AND  DISCUSSION 

Adjustment  of  the  orifice  diameter,  d,  downward  from  0.440  in.  to 
0.150  in.  resulted  in  permanent  deformation  for  d  \,  0.300  in.,  and 
rupture  in  the  region  d  =  Z  .300  in.  The  amount  and  extent  of  defor¬ 
mation  was  dependent  on  the  number  of  tests  the  unit  had  undergone;  on 
the  other  hand,  rupture,  as  pictured  in  Figure  3,  usually  occurred  on 
the  first  test  except  in  the  borderline  case  where  d  =  0.300  in.  Measure¬ 
ments  of  inner  face  and  outer  face  orifice  diameters  indicated  a  decreas¬ 
ed  value  for  the  former,  and  an  increased  figure  in  the  latter  instance. 
The  magnitudes  of  these  measurements  were  such  as  to  imply  that  the 
neutral  axis  was  much  nearer  to  the  inner  face,  probably  at  %  rather 
than  1/2  of  the  orifice  plate  thickness. 

It  is  apparent  from  the  foregoing  observations  that  the  preliminary 
stress  evaluation,  based  on  simple  shear  failure,  was  inadequate  in  that 
the  orifice  plate,  on  cylinder  front  wall,  was  overstressed  in  each 
instance,  and  in  a  manner  not  representative  of  shear.  Consequently,  an 
analysis  of  the  experimental  results  in  terms  of  stresses  more  complex 
than  simple  shear  was  performed  in  the  manner  outlined  below. 

The  nature  of  the  observed  deformation  suggested  that  considera¬ 
tion  of  flat  plate  stress  theory  might  account  for  these  unexpected 
failures.  Therefore,  the  methods  of  Roark1  for  a  flat  plate  were  applied 
assuming  the  neutral  axis  to  be  midway  between  the  inner  and  outer  face. 
The  stress  ratio  data  thus  derived  are  plotted  as  a  function  of  orifice 
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diameter  in  Figure  5;  the  calculations  were  based  on  the  stress  confi¬ 
guration  (Case  I)  given  in  Figure  4.  It  is  evident  that  the  stress  obtained 
in  this  manner  at  a  pressure  of  27,000  p.s.i.  (pi  taken  as  equal  to  Pp)  is 
not  sufficient  for  permanent  deformation.  On  the  other  hand,  it  indicates 
correctly  the  effects  noted  in  decreasing  the  orifice  diameter. 

Repeating  the  above  calculations,  but  taking  the  neutral  axis  at  *4 
of  the  plate  thickness,  as  actually  observed,  resulted  in  the  stress  curve 
plotted  for  Case  I  in  Figure  8.  Inasmuch  as  effective  orifice  plate 
thickness  was  diminished,  and  since  thickness  appears  as  a  square  term 
in  the  denominator  of  the  stress  equation,  the  stresses  obtained  are  con¬ 
siderably  greater  than  those  corresponding  to  the  stress  ratios  data  in 
Figure  5,  but  are  still  insufficient  to  account  for  permanent  deformation, 
since  they  remain  in  the  elastic  zone. 

Additional  stresses  may  be  introduced  by  consideration  of  the  stress 
configurations  based  on  thick  walled  cylinder  theory,  corresponding  to 
Case  II  and  Case  III  (Figures  6  and  7,  respectively).  Since  the  point 
of  maximum  stress  is  at  the  outer  face,  it  was  considered  that  the  maxi¬ 
mum  tangential  stress  would  be  equivalent  to  the  sum  of  Cases  I,  II,  and 
III.  In  calculating  the  combination  of  the  three  conditions  considered, 
the  following  equation  was  derived  from  the  respective  stress  theories. 


The  symbols  employed  in  the  above  are  as  follows: 

a,  b  —  indicated  in  Figures  4,  6,  and  7 
t  —  effective  plate  thickness 
m  —  reciprocal  of  Poisson’s  ratio 
pp  —  pressurizing  pressure 
St  —  maximum  tangential  stress  at  radius  b 
+  — -  indicates  outer  face  (tensile  stress) 

—  —  indicates  inner  faces  (compressive  stress) 

In  the  above  equation  Cases  I,  II,  and  III  are  respectively  grouped 
as  terms.  It  is  indicated  that  the  flat  plate  stress  will  be  a  compressive 
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stress  on  the  inner  face  and  a  tensile  stress  on  the  outer  face.  The  re¬ 
spective  terms  and  their  sum  are  presented  graphically  in  Figure  8,  in 
which  the  value  of  pp  was  taken  as  27,000  p.s.i.  for  the  range  of  orifice 
diameters  under  consideration.  Reference  to  the  graph  indicates  the 
tangential  stress  sum  to  be  in  the  plastic  range,  predicting  permanent 
deformation  for  all  values  of  d  employed  in  the  experimental  work.  The 
use  of  cylinder  material  having  a  yield  strength  lower  than  anticipated 
might  well  result  in  outright  rupture  at  the  orifice  under  these  conditions, 
particularly  where  d  is  small. 

In  order  to  decrease  and  possibly  eliminate  the  permanent  defor¬ 
mation  thus  created,  it  appears  desirable  to  have  a  locked-in  stress 
present  in  opposition  to  these  expected  stresses  occuring  under  load. 
Under  no-load  conditions  it  would  be  desirable  to  have  a  compressive 
stress  exist  at  the  outer  face  and  a  tensile  stress  at  the  inner  face. 
Possibly  this  could  be  accomplished  by  making  the  diameter  on  the  outer 
face  under-size  and  the  diameter  on  the  inner  face  over-size;  a  mandrel 
punched  through  the  hole  then  would  straighten  the  contour  and  provide 
a  prestress  in  the  direction  desired. 

CONCLUSIONS 

(1)  The  use  of  simple  shear  theory  for  design  of  orifice  plates  intend¬ 
ed  for  high  flow  rate  application  is  inadequate. 

(2)  Consideration  of  the  combined  effects  of  flat  plate  and  thick 
walled  cylinder  stresses  provides  a  more  accurate  analysis  of  the 
requirements  for  workable  orifice  design. 

(3)  Deformations  at  the  high  pressures  demanded  by  high  flow  rates 
result  in  altered  orifice  diameters,  possibly  introducing  errors  in 
flow  rates  based  on  static  orifices. 

(4)  The  use  of  prestressed  orifices  is  suggested  as  a  means  of  mini¬ 
mizing  dimensional  changes. 

SUMMARY 

Experimental  studies  of  high  velocity  injection  of  fluids  through 
orifices  under  a  pressure  head  of  27,000  p.s.i.  have  indicated  the  diffi¬ 
culties  involved  in  proper  orifice  design.  The  observed  permanent  de¬ 
formation  of  all  orifices  employed  under  these  conditions  has  been 
associated  with  tangential  stress,  creating  rupture  at  the  smaller,  dia¬ 
meters.  A  stress  analysis  undertaken  to  enable  improved  future  design 
demonstrated  that  flat  plate  stresses  were  principal  contributors  to 
deformation;  the  analytical  results,  although  only  approximate  in  nature, 
were  in  substantial  agreement  with  those  observed  experimentally. 

Careful  selection  of  materials,  and  adoption  of  means  for  prestres¬ 
sing  orifices  by  preloading,  were  indicated  as  important  factors  in  the 
proper  design  of  orifices  suitable  for  use  under  such  extreme  conditions. 
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TANGENTIAL  STRESS,  APPLIED  PRESSURE  RATIO 
AS  A  FUNCTION  OF  ORIFICE  DIAMETER 
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ORIFICE  DIAMETER  IN  INCHES 
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ORIFICE  PLATE  STRESS 
VS.  ORIFICE  DIAMETER 


ORIFICE  DIAMETER  IN  INCHES 

FIGURE  8 
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Monogene  tic  Trematodes  of 
Westhampton  Lake  Fishes.  II. 

A  List  of  Species  and  Key  to  the 
Genera  Encountered.1 

William  J.  Hargis,  Jr. 

Florida  State  University ,  Tallahassee 

INTRODUCTION 

This  is  the  second  of  a  series  of  papers  dealing  with  a  study  of  the 
monogenetic  gill  parasites  of  fishes  taken  from  Westhampton  Lake, 
University  of  Richmond  during  1950-51.  A  list  of  the  fluke  species  by 
host  and  a  key  to  the  genera  of  Monogenea  studied  is  herein  presented. 
It  is  hoped  that  this  contribution  will  facilitate  further  study  of  this 
group  in  the  mid-Atlantic  States. 

For  further  introductory  material,  and  a  discussion  of  materials  and 
methods  see  the  first  paper  of  this  series  (Hargis,  1952). 

RESULTS 

The  worms  listed  were  recovered  from  a  series  of  110  fishes  of 
three  families.  No  flukes  were  found  on  the  Yellow  Perch,  a  fact  which 
suggests  that  this  fish  may  possess  an  immunity  in  this  pond. 

The  hosts  examined  are  presented  by  families.  No  attempt  has  been 
made  to  indicate  either  host  or  parasite  phylogeny,  and  all  listing  is 
done  alphabetically.  The  parasitic  fauna  since  listed  under  each  host  with 
a  notation  of  the  numbers  of  host  specimens,  parasite  specimens,  and 
total  number  of  species  in  appropriately  placed  parentheses  as  follows: 

Ameiuridae 

Ameiurus  n.  nehulosus  (LeSueur),  the  Northern  Brown  Bullhead  (  11  ) 
whose  parasites  are: 

Cleidodiscus  pricei  Mueller,  1936  (  6  ) 

Gyrodactylus  species  (  5  ) 

Number  of  species  (2);  number  of  specimens  (  11  ) 

Centrarchidae 

Chaenohryttus  coronarius  (Bartram),  the  Warmouth  Bass  (  18  )  whose 
parasites  are: 

Actinocleidus  fergusoni  Mizelle,  1938  (  1  ) 


1  Contribution  from  the  Department  of  Biology,  University  of  Richmond, 
Va.,  and  Department  of  Zoology,  Florida  State  University,  Tallahassee,  Fla. 
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1  Monogenetic  Trematodes 

A.  flagellatus  Mizelle  and  Seamster,  1939 
A.  okeechobeensis  Mizelle  and  Seamster,  1939 
C.  robustus  Mueller,  1934 
C.  species 

Dactylogyrus  aureus  Seamster,  1948 
Haplocleidus  dispar  (Mueller,  1936)  Mueller,  1937 
Urocleidus  chaenobryttus  Mizelle  and  Seamster,  1939 
U.  dolor esae  Hargis,  1952 
U.  ferox  Mueller,  1934 

Number  of  species  (10);  number  of  specimens 
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(210) 
(33) 
(  1  ) 
(  1  ) 
(  i  ) 
(  11  ) 
(253) 
(14) 
(  1  ) 
(526) 


Lepomis  gibbosus  (Lim.),  the  Pumpkinseed  Sunfish  (  7  )  whose  para¬ 


sites  are : 

A.  oculatus  (Mueller,  1934)  Mueller,  1938  (  95  ) 

A.  recurvatus  Mizelle  and  Donahue,  1944  (  46  ) 

A.  sigmoideus  Mizelle  and  Donahue,  1944  (  34  ) 

H.  dispar  (Mueller,  1936)  Mueller,  1937  (186) 

U.  ferox  Mueller,  1934  (SIS) 

U.  procax  Mizelle  and  Donahue,  1944  (  68  ) 

Number  of  species  (6)  ;  number  of  specimens  (944) 

Lepomis  m.  macrochirus  (Rafinesque),  the  Bluegill  Sunfish  (  34  )  whose 
parasites  are: 

A.  fergusoni  Mizelle,  1938  (546) 

A.  flagellatus  Mizelle  and  Seamster,  1939  (  1  ) 

C.  robustus  Mueller,  1934  (  64  ) 

C.  species  (  5  ) 

D.  aureus  Seamster,  1948  (  1  ) 

G.  elegans  v.  Nordmann,  1832  (  1  ) 

II.  dispar  (Mueller,  1936)  Mueller,  1937  (171) 

U.  chaenobryttus  Mizelle  and  Seamster,  1939  (  3  ) 

U.  ferox  Mueller,  1934  (1,148) 

Number  of  species  (9);  number  of  specimens  (1,940) 


Huro  salmoides  (Lacepede),  the  Large-mouth  Bass  (  6  )  whose  para¬ 


sites  are: 

A.  fusiformis  (Mueller,  1934)  Mueller,  1937  (  54  ) 

A.  unguis  Mizelle  and  Cronin,  1943  (  7  ) 

H.  furcatus  Mueller,  1937  (218) 

U.  principalis  (Mizelle,  1936)  Mizelle  and  Hughes,  1938  (623) 

Number  of  species  (4)  ;  number  of  specimens  (902) 

Pomoxis  nigro-maculatus  (LeSueur),  the  Black  Crappie  (  10  )  whose 
parasites  are : 

C.  capax  Mizelle,  1936  (  5  ) 

C.  stentor  Mueller,  1937  (  23  ) 
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C.  vancleavei  Mizelle,  1936  (195) 

Number  of  species  (3)  ;  number  of  specimens  (223) 

Cyprinidae 

Notemigonus  c.  crysoleucas  (Mitchill),  the  Eastern  Golden 


Shiner  (  24  )  whose  parasites  are: 

D.  aureus  Seamster,  1948  (140) 

D.  parvicirrus  Seamster,  1948  (  15  ) 

Octomacrum  micro confibula  Hargis,  1952  (  10  ) 

Number  of  species  (3);  number  of  specimens  ( 165) 


Percidae 

Perea  flavescens  (Mitchill),  the  Yellow  Perch  (  8  )  which  carried  no 
Monogenea. 

The  genus  Octomacrum  Mueller,  1934  belongs  to  the  suborder 
Polvopisthocotylea  Odhner,  1912  while  the  remaining  six  genera  belong 
to  the  suborder  Monopisthocotjdea  Odhner,  1912. 

KEY  TO  THE  KNOWN  GENERA  OF  WESTHAMPTON 
LAKE  MONOGENEA 

1.  Monogenea  with  clamps  on  haptor  ....  Octomacrum  Mueller,  1934 


Monogenea  with  anchors  on  haptor  — .  2 

2.  Viviparous,  no  eye  spots  ....  Gyrodactylus  v.  Nordmann,  1832 

Not  viviparous,  four  eye  spots  . . .  3 

S.  Two  anchors  on  haptor  ....  Dactylogyrus  Diesing,  1950 

Four  anchors  on  haptor  . . . . — .  4 

4.  Haptoral  bars  articulated  ....  Actinocleidus  Mueller,  1937 

Haptoral  bars  not  articulated  . : . .  5 

5.  Cirrus  and  accessory  piece  basally  articulated  ....  Cleidodiscus 
Mueller,  1934. 

Cirrus  and  accessory  piece  not  basally  articulated  . .  6 

6.  Dorsal  anchors  regularly  much  larger  (about  one-half)  than 
ventral  anchors  ....  Haplocleidus  Mueller,  1937. 


All  four  anchors  equal  or  subequal  ....  Urocleidus  Mueller,  1934 

DISCUSSION  AND  SUMMARY 
The  foregoing  list  of  worms  indicates  that  many  species  of  mono- 
genetic  trematodes  are  parasitic  on  the  fresh-water  fishes  of  Virginia 
and  probably  also  occur  in  other  mid-Atlantic  states.  In  addition  it  indi¬ 
cates  that  further  studies  of  this  group  in  this  region  will  be  highly  pro¬ 
ductive  and  rewarding. 

This  report  constitutes  a  new  locality  record  for  all  of  the  above 
species  and  for  two  ( Cleidodiscus  stentor  on  P.  nigro-maculatus  and 
Haplocleidus  dispar  on  C.  coronarius )  a  new  host  record.  In  the  follow¬ 
ing  paper  of  this  series  the  topics  of  host  and  locality  records  will  be 
expanded  and  the  problems  of  comparative  morphology  and  host  relations 
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discussed. 

Herein  4,711  monogenetic  trematodes  of  24  determined  and  2 
undetermined  species  belonging  to  7  different  genera  have  been  listed 
by  their  host  species,  and  a  key  to  the  known  genera  of  Westhampton 
Lake  Monogenea  has  been  presented. 

LITERATURE  CITED 

Hargis,  W.  J ..  Jr.  1952 — Monogenetic  trematodes  of  Westhampton 
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471-477. 
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News  and  Notes 

(Editor’s  note :  News  contributions  should  be  sent  to  the 
person  whose  name  appears  at  the  end  of  the  appropriate 
section .) 

Proposed  Change  in  the  Academy  By-Laws 

Publication  of  the  following  proposed  change  in  The  By-Laws  in 
the  Virginia  Journal  of  Science  is  to  constitute  notification  to  the  mem¬ 
bership  as  required  by  the  Constitution. 

Item  two  of  Section  one,  “Annual  Dues”  now  reads  as  follows : 

“Annual  dues  of  Student  Members ,  graduate  or  under-graduate 
students  of  the  colleges  or  universities  of  the  State  shall  be  one  dollar 
($1.00);  student  members  shall  have  all  the  rights  and  privileges  of 
regular  members ,  except  they  shall  not  receive  its  official  publication, 
the  Virginia  Journal  of  Science  ”  This  is  to  be  changed  to  read:  “ Annual 
dues  of  Student  Members  shall  he  two  dollars  ($2.00)  payable  by  July 
1  of  each  year  in  advance,  and  for  which  they  shall  receive  the  Virginia 
Journal  of  Science  for  that  year  ”  — Foley  F.  Smith,  Secretary. 

Mathematical  Logic  as  a  Tool  of  Analysis 

The  Institute  for  the  Unity  of  Science  is  offering  a  prize  of  $500 
for  the  best  essay  on  the  theme  “Mathematical  Logic  as  a  Tool  of 
Analysis:  Its  Uses  and  Achievements  in  the  Sciences  and  Philosophy.” 
Two  additional  prizes  of  $200  each  will  be  given  for  the  next  best  two 
essays.  This  is  an  international  contest,  and  is  open  to  everyone.  Essays 
must  not  exceed  25,000  words.  They  may  be  written  in  English,  French, 
or  German,  and  must  be  submitted  before  January  1,  1953. 

The  winners  of  the  previous  essay  contest  sponsored  by  the  Insti¬ 
tute  were  Dr.  George  Kline  of  Orangeburg,  N.  Y.  and  Mr.  Eugene  E. 
Luschei  of  Lincoln,  Neb.  Each  of  them  received  a  second  prize  of  $150. 
No  first  prize  was  awarded. 

Further  information  on  the  contest  can  be  obtained  from  the  Insti¬ 
tute  for  the  Unity  of  Science.  American  Academy  of  Arts  and  Sciences, 
28  Newbury  Street,  Boston  16,  Massachusetts. 

SECTION  NEWS 

Astronomy,  Mathematics,  and  Physics  Section 

The  Society  of  Sigma  Xi  and  the  Scientific  Research  Society  of 
America  have  awarded  a  grant-in-aid  to  J.  Gordon  Stipes  Jr.  of  Randolph 
Macon  Woman’s  College  to  assist  in  research  on  irregularities  in  high- 
frequency  electrical  conductivity  of  electrolytes. 

Professor  G.  T.  Whyburn,  Chairman  of  the  School  of  Mathematics 
of  the  University  of  Virginia,  has  been  honored  recently  by  election  to 
the  office  of  President-Elect  of  the  American  Mathematical  Society. 
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On  March  7  Professor  Wilhelm  Becker  of  the  University  of  Ham¬ 
burg,  Germany,  addressed  a  group  of  astronomers  and  physicists  at  the 
University  of  Virginia.  Prof.  Becker  is  visiting  this  year  at  Sproul 
Observatory  of  Swarthmore  College. 

Reference  to  the  program  of  this  section  for  the  annual  meeting  of 
the  Virginia  Academy  of  Science  will  show  an  extensive  program  of 
papers.  Probably  for  the  first  time  in  the  history  of  this  section  there 
will  be  papers  offered  by  a  father  and  a  son,  Prof.  Carpenter  of  Roanoke 
College  and  Mr.  Carpenter  of  Virginia  Military  Institute. — I.  G.  Foster, 
Virginia  Military  Institute. 

Biology  Section 

The  Butterflies  of  Virginia.  Austin  H.  Clark  and  Leila  F.  Clark, 
Published  by  the  Smithsonian  Institution,  1951.  (Smithsonian  Miscel¬ 
laneous  Collections,  Vol.  116,  Number  7,  239  pp.,  31  plates.) 

Collections  and  records  made  in  Virginia  over  a  period  of  eighteen 
years  by  this  husband  and  wife  team  augmented  by  records  made  by 
friends  over  longer  periods  have  resulted  in  this  useful  book.  It  contains 
keys  based  for  the  most  part  on  color  and  color  patterns  to  the  families, 
subfamilies,  and  species  of  the  butterflies  represented  in  Virginia. 
Following  the  keys  is  an  annotated  list  of  54  species  and  subspecies. 
With  one  exception,  each  of  these  is  illustrated  by  a  photograph  in  one 
of  the  31  plates. 

In  this  listing,  notes  on  occurrence,  variations,  seasons  or  broods, 
and  food  plants  are  included.  Of  particular  value  here  are  the  keys  to 
seasonal  forms  and  keys  to  forms  of  females  of  Papilio  glaucus. 

Frequently,  interesting  collection  data  have  been  included.  One 
specimen,  the  only  one  recorded  from  Virginia,  was  found  200  yards 
east  of  the  West  Virginia  line,  on  a  day  when  a  strong  west  wind  was 
blowing;  however,  the  Clarks  stress  ecological,  rather  than  political 
boundaries. 

This  book  with  its  extensive  bibliography,  workable  keys,  and  ex¬ 
cellent  plates  should  prove  to  be  a  welcome  addition  to  the  libraries  of 
many  individuals  interested  in  the  fauna  of  Virginia. 

— Mary  E.  Humphreys 

Chemistry  Section 

Mr.  Lemuel  F.  Smith,  visiting  lecturer  in  chemistry  at  the  Uni¬ 
versity  of  Richmond,  died  of  a  heart  attack  on  November  24. 

Mr.  Robert  E.  Lutz,  professor  of  chemistry  at  the  University  of 
Virginia,  a  member  of  the  staff  there  since  1928,  has  been  made 
chairman  of  the  School  of  Chemistry,  to  succeed  Mr.  Arthur  F.  Benton, 
who  has  resigned  the  chairmanship  in  order  to  give  more  time  to  research. 

Recognition  that  has  come  to  our  State  Chemist,  Mr.  Rodney  C. 
Berry,  includes  the  following  offices:  President  of  the  Association  of 
American  Fertilizer  Control  Officials  (during  the  past  year) ;  President 
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of  the  Association  of  Southern  Feed  and  Fertilizer  Control  Officials; 
Vice-President  of  the  Association  of  Economic  Poisons  Control  Officials; 
and  Associate  Referee  for  the  Association  of  Official  Agricultural 
Chemists. 

Mr.  Eugene  D.  Crittenden,  recently  appointed  Director  of  Develop¬ 
ment  of  the  Solvay  Process  Company,  presented  a  paper  before  the 
American  Society  of  Agronomy  and  Soil  Science  Society  of  America, 
at  Pennsylvania  State  College,  on  “Nitric  Acid  in  the  Fertilizer  Industry/* 

Additions  to  the  department  of  chemistry  at  the  Virginia  Military 
Institute  include:  Mr.  T.  H.  Pearson  (Ph.  D.,  University  of  Wisconsin)  ; 
Mr.  D.  K.  Marchand  (University  of  West  Virginia);  Mr.  P.  F. 
Thelander  (University  of  Utah)  ;  and  Mr.  M.  Chandler  Townsend  (B. 
S.,  Roanoke  College). 

Miss  Dorothy  Thomson,  head  of  the  department  of  chemistry  of 
Sweet  Briar  College,  is  spending  the  second  semester  on  sabbatical 
leave.  She  will  conduct  research  at  the  Institute  of  Textile  Technology 
and  will  audit  advanced  courses  at  the  University  of  Virginia. 

The  Proceedings  of  the  Society  for  Experimental  Biology  and 
Medicine  (vol.  78,  pp.  883,  1951)  contains  a  paper  by  Messrs.  J.  C. 
Forbes  and  O.  Petterson,  of  the  Medical  College  of  Virginia,  on  “Plasma 
Cholesterol  of  Roosters  under  Various  Conditions.”  This  a  contribution 
to  the  authors’  studies  of  the  role  of  cholesterol  in  arteriosclerosis. 
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Mr.  Nelson  F.  Murphy,  research  professor  of  chemical  engineering 
at  the  Virginia  Polytechnic  Institute,  was  a  delegate  to  the  World 
Metallurgical  Congress  in  Detroit  in  October. 

Mr.  Robert  C.  Krug  has  been  made  associate  professor  of  organic 
chemistry  at  the  Virginia  Polytechnic  Institute.  — William  E.  Trout, 
University  of  Richmond. 

Engineering  Section 

The  Virginia  Polytechnic  Institute  Chemical  Engineering  Depart¬ 
ment  has  instituted  a  series  of  seminars  on  social,  economic  and  hu¬ 
manistic  subjects  to  supplement  technical  training.  The  program  for 
the  winter  quarter  is  as  follows: 

Jan.  9 — Film,  “Building  for  the  United  Nations,”  courtesy  U.  S. 

Steel  Corp. 

Jan.  16 — Dr.  Elda  E.  Anderson,  Health  Physics  Division — Oak 
Ridge  National  Laboratory,  “Radiation  Hazards  in  This 
Atomic  Age.” 

Jan.  23 — -William  P.  Swartz,  Jr.,  ’33,  Roanoke,  Virginia  (a  recent 
European  visitor)  ;  “A  Business  Man  Looks  at  Europe.” 

Jan.  30 — A  Stanfield,  Chemical  Engineer,  Tennessee  Valley 
Authority;  “Chemical  Process  Evaluation.” 

Feb.  6 — J.  O.  Davis,  Chemical  Engineer,  Oak  Ridge  National 

Laboratory;  “The  Engineering  Development  for  Radio¬ 
chemical  Processes.” 

Feb.  13 — W.  L.  Albrecht,  Patent  Attorney,  Tennessee  Valley 
Authority;  “The  Relation  of  Patents  to  Work  of  Chemists 
and  Chemical  Engineers.” 

Feb.  27 — L.  E.  Ward  ’30,  Industrial  and  Agricultural  Manager,  N. 

and  W.  Railroad;  “Industrial  Development  and  The 
Railroads.” 

March  5 — C.  P.  Keim,  Director,  Stable  Isotopes  Research  and  Pro¬ 

duction  Division,  Oak  Ridge  National  Laboratory;  “Pro¬ 
ducing  and  Using  Separated  Stable  Isotopes.” 

March  16 — G.  E.  Evans,  Senior  Physical  Metallurgist,  Oak  Ridge 
National  Laboratory;  “Materials  of  Reactor  Construc¬ 
tion.” 

— N.  F.  Murphy,  Virginia  Polytechnic  Institute. 

Geology  News 

The  Third  Annual  Symposium  on  Geology  as  Applied  to  Highway 
Engineering  was  held  in  Preston  Memorial  Auditorium  on  the  campus 
of  Virginia  Military  Institute  on  February  29.  Geologists  and  engi¬ 
neers  from  many  sections  of  Virginia  and  from  nine  other  states  attend¬ 
ed.  Eight  papers  dealing  with  various  applications  of  geology  to  highway 
engineering  were  presented  by  as  many  speakers.  Approximately  145 
persons  attended. 
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Laboratory  and  Industrial  Chemicals 
Chemical  Equipment 

Complete  Stocks  —  Prompt  Service 


POST  OFFICE  BOX  828 
DURHAM,  NORTH  CAROLINA 


ANALYTICAL  BALANCES 
COLORIMETERS 
HOT  PLATES 
MICROSCOPES 
pH  METERS 
REFRACTOMETERS 
TUBING 
CENTRIFUGES 


LABORATORY  REAGENTS 
COORS  PORCELAIN 
FILTER  PAPERS 
KIMBLE  GLASSWARE 
OVENS 

PYREX  GLASSWARE 
SPECTROPHOTOMETERS 
IRONWARE 
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The  Department  of  Geology  of  the  Virginia  Polytechnic  Institute 
will  sponsor  the  joint  meetings  of  the  Southeastern  Section  of  the 
Geological  Society  of  America  and  the  Fourth  Southeastern  Mineral 
Symposium  in  Roanoke,  Virginia  on  May  1,  2,  and  3.  The  program  for 
May  1  will  consist  of  five  papers  dealing  with  the  geology  of  the  south¬ 
eastern  United  States.  The  afternoon  session,  with  Marcellus  H.  Stow 
moderating,  will  be  a  panel  discussion  on  “Employment  Opportunities 
in  the  Various  Fields  of  Geology.”  Nationally  recognized  authorities 
will  review  the  opportunities  in  petroleum  geology,  mining  geology, 
engineering  geology,  and  in  state  and  federal  geological  surveys.  Six 
technical  papers,  covering  a  wide  variety  of  subjects,  will  be  presented 
at  the  Friday  morning  technical  session.  Friday  afternoon  Wallace  D. 
Lowry  will  moderate  a  series  of  panel  reports  on  “The  Role  of  Geology 
in  Industrial  Developments  in  the  South  Since  1940.’'  Installation  of  the 
officers  for  the  newly  organized  Southeastern  Section  of  the  Geological 
Society  of  America  will  be  handled  by  T.  L.  Lovering,  President  of  the 
Society.  There  will  also  be  an  address  by  Walter  H.  Bucher,  of  Columbia 
University,  on  “Fossils  in  Metamorphic  Rocks.”  There  will  be  two  field 
trips  Saturday  morning:  one  led  by  W.  Horatio  Brown,  of  the  New 
Jersey  Zinc  Company,  Austinville,  Virginia;  the  other,  which  will  cover 
the  geology  of  the  Roanoke  area,  will  be  conducted  by  Byron  Cooper, 
chairman  of  the  program  committee  for  the  Roanoke  meetings.  All 
communications  regarding  reservations  for  field  trips  and  accommoda¬ 
tions  for  lodging  should  be  addressed  to  Byron  Cooper,  Box  634,  Blacks¬ 
burg,  Virginia.  — Byron  N.  Cooper,  Virginia  Polytechnic  Institute. 

Statistics  Section 

The  Department  of  Statistics  and  the  Statistical  Laboratory  in 
cooperation  with  the  Department  of  Mathematics  and  the  Department 
of  Industrial  Engineering  of  the  Virginia  Polytechnic  Institute  will 
conduct  a  special  statistical  summer  session,  July  29  to  August  15,  1952. 
The  program  will  be  for  graduate  students,  research  workers,  and  tech¬ 
nicians  in  government  and  industry.  Special  offerings  will  be  given  in 
the  statistics  of  taste  testing,  bio-assay,  sampling,  and  in  engineering 
research  and  production.  For  further  details  write  the  Department  of 
Statistics,  Virginia  Polytechnic  Institute,  Blacksburg,  Virginia. 

R.  A.  Bradley  of  the  Department  of  Statistics  was  an  invited 
speaker  at  the  Quality  Control  School  held  at  the  University  of  Mary¬ 
land  February  18-22  and  sponsored  jointly  by  the  University,  the  Tri- 
State  Packers,  and  National  Canners  Institute.  His  topic  was  “Rank 
Analysis  for  Sensory  Difference  Tests  for  Quality.”  He  acted  as 
chairman  of  the  session  on  February  22. 

M.  E.  Terry  of  the  Department  of  Statistics  was  a  guest  speaker 
February  19  at  the  Eighth  Annual  Quality  Control  Clinic  sponsored  by 
the  Rochester  Society  for  Quality  Control  affiliated  with  the  Industrial 
Management  Council  of  Rochester.  Mr.  Terry  was  the  speaker  for  the 
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Phipps  &  Bird 

MIGHTY  MIDGET 


STIRRERS 


A  multi-speed  stirrer  with  3  predetermined  speeds 
best  suited  for  general  laboratory  stirring.  300,  600 
and  900  R.  P.  M. 


This  stirrer  boasts  far  greater  quality  than  other 
low-price  stirrers  now  available.  Motor  is  series 
wound  and  pulls  65  watts.  Horsepower  is  1-16 — more 
powerful  than  any  other  similar-priced  stirrer. 
Underwriters  approval.  Finished  in  grey  hammerloid. 

Cat.  No.  2000  .  $34.50  ea. 


DISTRIBUTORS 
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series  on  Technical  Aspects  of  Quality  Control.  His  subject  was 
“Statistical  Methods  for  Sensory  Difference  Tests.” 

R.  A.  Bradley  recently  assisted  in  the  taste  testing  experiment  con¬ 
ducted  at  Smithfield,  Virginia,  involving  perference  tasting  of  Smith- 
field  hams.  He  served  as  a  consultant  on  this  project  which  is  being 
carried  out  by  C.  M.  Kincaid  and  Horace  Thomas  of  the  Department  of 
Animal  Husbandry  and  with  the  assistance  of  Lyle  L.  Davis  of  the  De¬ 
partment  of  Horticulture. 

J.  W.  Youden  is  visiting  Professor  of  Statistics  at  Columbia  Uni¬ 
versity. 

The  following  members  of  the  Academy  delivered  papers  at  the 
joint  meeting  of  the  Institute  of  Mathematical  Statistics  and  the  Bio¬ 
metrics  Society  held  at  Blacksburg  March  19-21:  Lionel  Weiss,  Boyd 
Harshbarger,  R.  A.  Bradley,  M.  E.  Terry,  and  D.  B.  Duncan. 

The  American  Meat  Institute  Foundation  has  awarded  a  contract 
for  statistical  analysis  to  the  Statistical  Laboratory,  Virginia  Polytechnic 
Institute.  — Milton  E.  Terry,  Virginia  Polytechnic  Institute . 
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Program 


OF  THE 


Thirtieth  Annual  Meeting 

AT  HOTEL  CHAMBERLIN 
OLD  POINT  COMFORT,  VIRGINIA 


May  15,  16,  17,  1952 
Hosts  to  Meeting 

The  College  of  William  and  Mary  in  Virginia 
The  College  of  William  and  Mary 
and 

The  Virginia  Polytechnic  Institute  in  Norfolk 
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Virginia  Academy  Of  Science 

OFFICERS 

Paul  M.  Patterson,  President 
E.  C.  L.  Miller,  Secretary-Treasurer  Emeritus 
Foley  F.  Smith,  Secretary-Treasurer 
Lloyd  C.  Bird,  President-Elect 


COUNCIL 


(Board  of  Trustees) 

Elected  Members 


Allan  T.  Gwathmey  (1952) 
Marcellus  H.  Stow 
Boyd  Harshbarger  (1953) 
John  N.  Buck  (1953) 


Ladley  Husted  (1954) 
B.  W.  Jarman  (1955) 
I.  G.  Foster  (1956) 
Horton  H.  Hobbs,  Jr. 


Ex-Officio  Members 

Sidney  S.  Negus  (1952)  Boyd  Harshburger  (1953) 

Guy  W.  Horsley  (1954) 


LOCAL  COMMITTEE  ON  ARRANGEMENTS 
William  G.  Guy,  Chairman 
Kenneth  M.  Gordon,  George  D.  Sands,  Jr. 
Meeting  Rooms  and  Projection  Equipment 
Margaret  Phillips  (Mrs.),  Registration 
C.  S.  Sherwood  III.,  Housing 
Richard  B.  Brooks,  Public  Relations 
Burton  R.  Wolin,  Exhibits 
Roy  P.  Ash,  Willard  A.  Van  Engel,  Tours 
Eleanor  Calkins,  Dinners  and  Luncheons 
J.  T.  Baldwin,  Jr.,  Guest  Speakers 
Robert  S.  Bailey,  O.  F.  Schuette,  Junior  Academy 


HOSTS  TO  MEETING 
The  College  of  William  and  Mary  in  Virginia 
A.  D.  Chandler,  President 
The  College  of  William  and  Mary 

AND 

The  Virginia  Polytechnic  Institute  in  Norfolk 
Lewis  W.  Webb,  Jr.,  Director 
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Announcements 

ROOM  RESERVATIONS 

Room,  reservations  should  he  made  hy  May  1  with  the  Hotel  Res¬ 
ervation  Manager. 

Mr.  C.  S.  Sherwood,  III,  College  of  William  and  Mary — V.  P.  I., 
Norfolk,  Virginia  is  Chairman  for  Housing  on  the  Local  Arrange¬ 
ments  Committee. 

INFORMATION  CENTER 

An  Information  Center  to  assist  members  and  guests  will  be 
maintained  near  the  Registration  Desk  in  the  Hotel  Lobby. 

JUNIOR  ACADEMY  OF  SCIENCE 

The  Junior  Academy  of  Science  under  the  leadership  of  Grover 
W.  Everett  of  Lynchburg  College,  will  hold  its  own  meeting  on 
Thursday,  May  15.  Members  of  the  Junior  Academy,  participants 
in  the  Virginia  Science  Talent  Search  and  Virginia  Science  Club 
Contests  and  others  interested  in  the  Junior  Academy  are  urged  to 
register  on  Wednesday,  May  14  from  3:00  p.  m.  to  9:00  p.  m.  in 
the  Hotel  Lobby.  Those  arriving  on  the  morning  of  May  15  will 
complete  their  registration  from  8:00  a.  m.  to  10:00  a.  m. 

SEVENTH  VIRGINIA  SCIENCE  TALENT  SEARCH 

All  contestants  in  the  Talent  Search  are  asked  to  meet  with  John  E. 
Hocutt,  Committee  Chairman,  in  the  Monroe  Room  at  10:30  a.  m., 
May  15. 

In  the  National  Science  Talent  Search,  conducted  by  Science  Clubs 
of  America  for  the  Westinghouse  Science  Scholarships,  the  follow¬ 
ing  Virginia  entrant  was  awarded  one  of  these  Scholarships. 

Ruth  Flinn  Harrell,  Maury  H.  S.,  Norfolk 

Miss  Harrell  is  our  first  National  Science  Talent  Search  winner 
and  she  will  be  presented  at  the  Business  Meeting  on  Friday,  May  16. 
The  following  received  Honorable  Mention. 

Carol  Jean  Davis,  Wilson  Memorial  H.  S.,  Fishersville 
Carleton  Haddock  Jones,  Jr.,  Hampton  H.  S.,  Hampton 
John  Garber  Moore,  Blacksburg  H.  S.,  Blacksburg 
Ruth  Virginia  Womble,  Wilson  Memorial  H.  S.,  Fishersville 
Members  of  the  Junior  Academy  of  Science,  including  the  Talent 
Search  and  Science  Exhibit  contestants,  will  meet  on  the  Sun  Porch 
at  6:00  p.  m.,  May  15  for  a  Junior-Senior  Get  Together  prior  to 
the  Junior  Academy  Dinner  at  6:30  p.  m.  The  Junior  Academy 
invites  Senior  members  to  attend  this  function  and  tickets  for  this 
dinner  must  be  obtained  by  Juniors  and  Seniors  at  the  Registration 
Desk  by  noon  on  Thursday. 
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MEETINGS  OF  SENIOR  MEMBERS  ON  THURSDAY,  MAY  15 

1.  All  Section  Officers  are  asked  to  meet  with  President  Patterson 
at  3:30  p.  m.  in  the  Chesapeake  Room. 

2.  The  Academy  Council  will  meet  at  4 :00  p.  m.  in  the  Chesapeake 
Room. 

3.  The  Academy  Conference  and  General  Meeting  will  be  held 
at  8:00  p.  m.  in  the  Roof  Garden. 

4.  The  Section  Editors  will  meet  at  5:00  p.  m.  in  the  John  Smith 
Room. 

RECEPTION 

All  members  and  guests  of  the  Academy  (Juniors  and  Seniors)  are 
invited  to  a  reception  to  be  given  by  the  College  of  William  and 
Mary  at  the  Mariner’s  Museum  on  Friday,  May  16,  from  4:00 
p.  m.  to  6:00  p.  m.  Information  regarding  the  route  to  the  Museum 
(about  20  minutes  by  car),  will  be  supplied  at  the  Information 
Center. 

THE  ACADEMY  DINNER 

Members  will  make  their  own  arrangements  for  dinner. 

There  will  be  no  Academy  Banquet. 

EXHIBITS 

The  Academy  will  continue  to  sponsor  commercial  and  educational 
exhibits.  These  exhibits  will  be  set  up  on  the  Sun  Porch  on  the 
main  floor  of  the  Hotel. 

TOURS 

Arrangements  for  trips  to  the  National  Advisory  Committee  for 
Aeronautics  at  Langley  Field  and  to  the  Newport  News  Shipbuild¬ 
ing  and  Drydock  Co.  can  be  made  if  there  is  sufficient  demand. 
These  trips  must  be  arranged  in  advance  of  the  meeting  and  all 
members  interested  in  one  or  both  of  these  trips,  are  asked  to 
communicate  with  Dr.  Roy  P.  Ash,  College  of  William  and  Mary, 
Williamsburg,  before  May  1,  1952.  The  committee  is  also  working 
on  a  plan  to  have  one  of  the  Chesapeake  Bay  Institute  ‘research’ 
vessels  tie  up  near  the  Hotel  during  the  meeting  and  be  open  to 
inspection. 

Information  concerning  other  possibilities  for  trips  will  be  supplied 
at  the  Information  Center  during  the  meeting. 

FIELD  TRIPS  AND  LAST-MINUTE  CHANGES 

Special  announcements  concerning  field  trips,  and  all  last-minute 
changes  will  be  posted  on  a  bulletin  board  near  the  Information 
Center  in  the  Hotel  Lobby. 
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General  Program  of  The 
Thirtieth  Annual  Meeting 

1952 

HOTEL  CHAMBERLIN— OLD  POINT  COMFORT 
WEDNESDAY,  MAY  14 

3:00  P.  M.  to  9:00  P.  M. — Registration  for  Junior  Academy  members, 
participants  in  the  Science  Talent  Search,  Academy 
members  and  Guests,  Hotel  Lobby. 

Setting  up  Exhibits,  Sun  Porch. 

7:30  P.  M. — Astronomical  Show,  Monroe  Room. 


8:00  A. 

10:30  A. 

11:00  A. 

1:00  P. 
3:00  P. 
3:30  P. 


3:30  P. 
4:00  P. 

5:00  P. 
6:00  P. 
6:30  P. 


THURSDAY,  MAY  15 

M.  to  10:00  A.  M. — Registration  for  Academy  members 
(Junior  and  Senior)  and  Guests,  Hotel  Lobby. 

Setting  up  Exhibits,  Sun  Porch. 

M. — Participants  in  the  Science  Talent  Search  and  Science 
Club  Exhibitors  meet  with  John  E.  Hocutt  and  Grover 
W.  Everett,  Monroe  Room. 

M.  to  3:00  P.  M. — Interviews  with  participants  in  the 
Science  Talent  Search,  Monroe  Room,  John  Smith  Room, 
Chesapeake  Room  and  Parlor  A. 

M.  to  2:30  P.  M. — Judging  of  Science  Exhibit  Contests,  Sun 
Porch. 

M. — Meeting  of  the  Talent  Search  Committee,  John  Smith 
Room. 

M. — Annual  Business  Meeting  of  the  Junior  Academy  of 
Science,  Roof  Garden. 

Reports  of  Officers 
Election  of  Officers  for  1952-53 
Reading  of  Outstanding  Club  Reports 
M. — Meeting  of  all  Section  Officers,  Chesapeake  Room. 

M. — Meeting  of  the  Council  of  the  Senior  Academy,  Chesa¬ 
peake  Room. 

M. — Meeting  of  Section  Editors,  Parlor  A. 

M. — Junior-Senior  Get  Together,  Sun  Porch. 

M. — Junior  Academy  Dinner,  Virginia  Room. 

Presiding — Raymond  Kirby,  President  of  the  Junior 
Academy 

Presentation  of  Junior  Academy  Awards — Grover  W. 
Everett 
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Presentation  of  Virginia  Science  Talent  Search  Awards — 
John  E.  Hocutt 

Address — Dr.  William  A.  Kepner,  University  of  Virginia 
Tickets  must  be  obtained  at  the  Registration  Desk  by 
noon  on  Thursday. 

8:00  P.  M. — Junior  Social  Hour,  Sun  Porch. 

8:00  P.  M. — Academy  Conference  and  General  Meeting,  Roof  Garden. 
Reports  of  Officers 
Reports  of  Committees 

Long  Range  Planning — Marcellus  H.  Stow,  Chairman 
Research — W^alter  S.  Flory,  Chairman 
Finance  and  Endowment — Guy  W.  Horsley, 

Chairman 

Junior  Academy  of  Science— Grover  W.  Everett, 
Chairman 

Seventh  Virginia  Science  Talent  Search — John  E. 

Hocutt,  Chairman 
Activities  for  Collegiate  Members 
— Joe  W.  Guthridge,  Chairman 
— Robert  P.  Carroll,  Co-Chairman 
Membership — Foley  F.  Smith,  Chairman 
James  River  Project — Marcellus  H.  Stow,  Chairman 
Resource-Use  Education — John  Thornton  Wood, 
Chairman 

Virginia  Flora — A.  B.  Massey,  Chairman 
Virginia  Fauna — Jay  D.  Andrews,  Chairman 
Virginia  Journal  of  Science — Boyd  Harshbarger, 
Editor-in-Chief 

Science  Museum — G.  W.  Jeffers,  Chairman 
Exchange  of  Foreign  Students — Edgar  J.  Fisher, 
Chairman 

Speakers  Bureau — S.  S.  Obenshain,  Chairman 
Place  of  Meeting  for  1953 — Bruce  D.  Reynolds, 
Chairman 

Local  Arrangements — William  G.  Gujr,  Chairman 
Report  on  the  National  Conference  of  State  Academies 
— Foley  F.  Smith 
New  Business 

FRIDAY,  MAY  16 

8:00  A.  M.— Registration,  Hotel  Lobby 
9:00  A.  M. — Section  Meetings 

Agricultural  Sciences,  Parlor  A 

Astronomy,  Mathematics  and  Physics,  Monroe  Room 
Bacteriology,  Roof  Rotunda 
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Biology,  Roof  Garden 
Chemistry,  Virginia  Room 
Education,  Parlor  B 
Engineering,  Chamberlin  Club 
Geology,  John  Smith  Room 
Medical  Sciences,  Chesapeake  Room 
Psychology,  Fort  Room 
Science  Teachers,  Arena  Room 
Statistics,  Parlor  C. 

12:30  P.  M. — Group  Luncheons 
2:00  P.  M. — Section  Meetings 

4:00  P.  M.  to  6:00  P.  M. — Academy  members  to  be  guests  at  a 
reception  at  the  Mariner’s  Museum 
7 :00  P.  M. — Business  Meeting  and  Guest  Speaker. 

Presiding — Paul  M.  Patterson,  President ,  Virginia 
Academy  of  Sciences 

Welcome — Alvin  D.  Chandler,  President,  College  of 
William  and  Mary  in  Virginia 
Presentation  of  J.  Shelton  Horsley  Research  Award 
Presentation  of  Virginia’s  first  National  Science 
Talent  Search  Winner  and  her  Sponsor 
Report  of  Nominations  Committee 
Report  of  Committee  on  Resolutions 
Report  of  Place-of-Meeting  Committee 
Installation  of  Officers  for  1952-53 
8:30  P.  M. — Address  Professor  E.  Newton  Harvey,  Princeton  Uni¬ 
versity. 

“Bioluminescence” 

SATURDAY,  MAY  17 
9:00  A.  M. — Section  Meetings 

10:00  A.  M. — Academy  Council  Meeting,  Parlor  A 
2:00  P.  M. — Field  Trips  (see  bulletin  board  for  further  information). 
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Section  of  Agricultural  Sciences 


E.  M.  Dunton,  Jr.,  Chairman 
R.  C.  Carter,  Vice-Chairman 
T.  J.  Nugent,  Secretary 
Wesley  P.  Judkins,  Section  Editor 


FRIDAY,  MAY  16,  1952  -  9:00  A.  M.  -  PARLOR  A. 


9:00 

1.  9:15 

2.  9:45 

3.  10:15 

4.  10:45 

5.  11:15 


Assembly  and  Announcements. 

The  Relation  of  Research  to  the  Vocational  Agriculture 
Department. 

H.  W.  Sanders;  Virginia  Polytechnic  Institute. 

The  Relationship  of  Research  and  Extension. 

L.  B.  Dietrick;  Virginia  Agricultural  Extension  Division. 
The  Research-Extension  Team. 

H.  N.  Young;  Virginia  Agricultural  Experiment  Sta¬ 
tion. 

The  Inter-relationship  of  Agricultural  Research,  Education, 
Development  and  Regulation. 

Parke  C.  Brinkley;  Virginia  Department  of  Agriculture. 
The  Place  of  the  Soil  Conservation  Service  in  Virginia 
Agriculture. 

S.  W.  Bondurant;  Soil  Conservation  Service. 


FRIDAY,  MAY  16,  1952  -  2:00  P.  M. 

6.  2 :00  A  Study  of  the  Effects  on  Milk  Production  of  Zeolite 

Process  Softened  Water  when  Consumed  by  Lactating 
Cows. 


G.  C.  Graf  and  C.  W.  Holdaway;  Virginia  Agricultural 
Experiment  Station. 

7.  2:15  The  Effect  of  Feeding  Irradiated  Yeast  on  the  Blood 

Calcium  Level  of  Dairy  Cows. 

Paul  M.  Reaves,  J.  R.  Reed  and  D.  C.  Newbill;  Virginia 
Polytechnic  Institute. 

8.  2 :30  The  Influence  of  Blossom  Removal,  and  the  Method  of 

Transplanting  on  the  Rate  of  Runner  Formation  in 
Strawberries. 

M.  M.  Parker;  Virginia  Truck  Experiment  Station. 

9.  2:45  Report  on  the  Systemic  Control  of  Thrips  and  Leafhoppers 

Injurious  to  Peanuts. 

W.  L.  Howe  and  L.  I.  Miller,  Tidewater  Field  Station. 
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10.  3:00  Preliminary  Report  on  Systemic  Insecticides  for  Pest 

Control. 

D.  E.  Greenwood  and  R.  N.  Hofmaster;  Virginia  Truck 
Experiment  Station . 

Section  of  Astronomy,  Mathematics, 
and  Physics 


i. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


B.  Z.  Linfield,  Chairman 
S.  M.  Heflin,  Secretary 
I.  G.  Foster,  Section  Editor 

FRIDAY,  MAY  16,  1952  -  10:00  A.  M.  -  MONROE  ROOM 

10:00  Mechanical  Strength  of  Thin  Films  of  Metals. 

W.  E.  Walker,  H.  Morton,  Jr.,  and  J.  W.  Beams;  Uni¬ 
versity  of  Virginia. 

10:15  Interferometer  Method  of  Measuring  Sedimentation  in  an 
Ultracentrifuge  Cell. 

Norman  Snidow,  Andrew  Robeson  and  J.  W.  Beams; 
University  of  Virginia. 

10:30  An  Optical  System  for  an  Eight  Cell  Ultracentrifuge 
Rotor. 

John  E.  Miller,  and  Joseph  Swingle;  University  of 
Virginia. 

10:45  Electrical  Potentials  Produced  in  Conducting  Single  and 
Poly  crystalline  Material  by  Centrifugal  Fields. 

J.  W.  Beams;  University  of  Virginia. 

11:00  Acceleration  of  Electrons  by  Coupled  Resonant  Cavities. 

William  H.  McMaster  and  Glen  S.  Waterman;  Uni¬ 
versity  of  Virginia. 

11:15  A  Problem  in  Differential  Equations. 

D.  R.  Carpenter;  Roanoke  College. 

11:30  Group  Motion  and  Velocity  Dispersion  of  Red  Dwarf 
Stars. 

E.  R.  Dyer,  Jr.;  Leander  McCormick  Observatory , 
University  of  Virginia. 

1 1 :45  An  Apparatus  for  the  Demonstration  and  Study  of  Elastic 
Scattering  Phenomena  for  an  Advanced  Undergraduate 
Laboratory. 

The  Class  of  ’51  -  '52  of  the  advanced  undergraduate 
laboratory  course  in  Physics  at  the  University  of 
Virginia. 
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2:00 
9.  2:15 

10.  2:30 

11.  2:45 

12.  3:00 

13.  3:15 

14.  3.30 

15.  3:45 

16.  9:00 

17.  9:15 

18.  9:30 

19.  9:45 


FRIDAY,  MAY  16,  1952  -  2:00  P.  M. 

Business  Meeting 

Description  and  Performance  of  Precision  Scattering 
Equipment. 

K.  B.  Rhodes,  A.  J.  Allen,  J.  S.  Arthur,  R.  S.  Bender, 
H.  J.  Hausman,  L.  M.  Diana,  and  C.  J.  McDole;  Uni¬ 
versity  of  Pittsburgh . 

Angular  Distribution  of  Mu  Mesons  Scattered  in  Magne¬ 
tized  Iron. 

Stephan  Berko ;  Rouss  Physical  Laboratory ,  University 
of  Virginia . 

The  Pressure  of  Waves. 

L.  G.  Hoxton,  Rouss  Physical  Laboratory,  University  of 
Virginia. 

Study  of  Magnetic  Properties  of  Iron  Using  Electron 
Diffraction  Technique. 

David  F.  Cope;  Department  of  Physics,  University  of 
Virginia. 

Two  High  Current  Electron  Guns. 

D.  Rae  Carpenter,  Jr.;  Virginia  Military  Institute. 

The  Scattering  of  High  Energy  Circularly  Polarized 
Photons  by  Polarized  Electrons. 

Forrest  P.  Clay  and  Frank  L.  Hereford;  University  of 
Virginia. 

High  Energy  Neutron  Counting  with  Organic  Scintillation 
Crystals. 

R.  E.  Garrett,  F.  L.  Hereford,  N.  D.  Mallory,  and  B.  W. 
Sloope ;  University  of  Virginia. 

SATURDAY,  MAY  17,  1952  -  9:00  A.  M. 

A  Modified  Eagle  Mounting  for  a  Concave  Grating. 

J.  B.  Breazeale;  Virginia  Military  Institute. 

A  Photoelectric  Pyrometer. 

Walter  L.  Crider  and  J.  F.  Ryman ;  Virginia  Polytechnic 
Institute. 

Uniformity  Measurement  of  Textile  Materials  by  Capaci¬ 
tance  Variation. 

E.  J.  Bernet  and  D.  F.  N ieman ;  Institute  of  Textile 
Technology . 

Recent  Experiments  in  Rarefied  Gas  Dynamics  Using  High 
Rotational  Speed  Techniques. 

A.  R.  Kuhlthau  and  W.  E.  Myers ;  Ordnance  Research 
Laboratory,  University  of  Virginia. 
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20.  10:00 

21.  10:15 

22.  10:30 

23.  11:45 


Newton’s  Interference  Fringes  from  Coated  Surfaces. 

H.  Y.  Loh;  Virginia  Polytechnic  Institute. 

Television  Principles — A  Demonstration. 

Frederick  L.  Brown  and  Melvin  E.  Cruser;  University 
of  Virginia. 

A  New  Long-Period  Variable  Star  in  Pegasus. 

H.  L.  Alden;  Leander  McCormick  Observatory ,  Uni¬ 
versity  of  Virginia. 

Variation  of  Electrical  Conductivity  with  Crystal  Grain 
Size. 

L.  G.  Hoxton*;  Rouss  Physical  Laboratory ,  University 
of  Virginia. 


*  This  work  is  part  of  that  done  under  N.  A.  C.  A.  Contracts  Nos.  NAw- 
5831  and  6052. 


Section  of  Bacteriology 
With  Virginia  Branch,  Society  of 
American  Bacteriologists 

William  A.  Dorsey,  President 
W.  French  Skinner,  Vice-President 
Miss  Adah  Corpening,  Secretary-Treasurer 


1. 


2. 


3. 


4. 


FRIDAY,  MAY  16,  1952  -  ROOF  ROTUNDA 
10:00  Business  Meeting 
12:00  Luncheon 
2:00  Scientific  Session 

2:15  A  Means  Whereby  Bacteria-Free  Inocula  of  Histomonas 
meleagridis  may  be  Obtained. 

Arthur  P.  Harrison,  Jr.  and  P.  Arne  Hansen;  University 
of  Maryland. 

2 :30  Growth  Studies  on  Endamoeba  histolytica 

E.  Clifford  Nelson;  Medical  College  of  Virginia. 

2:45  The  Use  of  Sodium  Metaphosphate  and  the  Waring 
Blendor  for  Deflocculation  of  Soils  before  Plating. 

S.  J.  R.  Gamble  and  Fred  S.  Orcutt;  Virginia  Poly¬ 
technic  Institute. 

3:05  A  New  Staining  Method  for  the  Rapid  and  Precise 
Identification  of  Anaplasma  in  Bovine  Blood. 

Major  W.  L.  Wallenstein;  University  of  Maryland. 
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5.  3:25  A  Serologic  Study  of  Serum  from  Suspected  Cases  of 

Infectious  Mononucleosis — Preliminary  report. 

Mrs.  Elsie  P.  Foxhall;  Virginia  State  Department  of 
Health ,  Richmond. 

6.  3:45  Experiences  of  the  Multiphasic  Screening  Program  from 

a  Laboratory  Standpoint  in  Richmond,  Virginia. 

William  A.  Dorsey  and  W.  J.  Williams;  City  of 
Richmond  Department  of  Public  Health. 


Section  of  Biology 

J.  D.  Andrews,  Chairman 
H.  G.  M.  Jopson,  Vice  Chairman 
Elmira  C.  Maurice,  Secretary 


1. 


2. 


3. 


4. 


6. 

7. 


FRIDAY,  MAY  16  -  9:0o  A.  M.  -  ROOF  GARDEN 

9:00  Microincineration  Studies  of  Flabellula  mira,  Schaeffer. 

Zoe  Wells  Carroll  Black;  Mary  Washington  College  of 
the  University  of  Virginia. 

9:10  Cell  Division  in  the  Epidermis  of  the  Foetuses  and  Young 
Lamb  of  Karakul  Sheep  in  Relation  to  Age  and  the 
Development  of  Hair  Follicles. 

Lubow  A.  Margolena  and  Ethel  H.  Dolnick,  Animal 
Fiber  Laboratory;  Bureau  of  Animal  Industry ,  U.S.D.A., 
Beltsville,  Maryland. 

9:25  The  Effects  of  Various  Environmental  Factors  on  the 
Hatching  of  Eggs  of  Plagitura  salamandra  Holl  1928 
(Trematoda:  Plagiorchiidae). 

Catherine  M.  Russell;  University  of  Virginia. 

9:40  Observations  on  Speciation  in  Anoetid  Mites. 

Roscoe  D.  Hughes  and  Caroline  O.  Goode;  Medical 
College  of  Virginia. 

9:55  Cyperaceae  in  Liberia. 

E.  Nelmes  and  J.  T.  Baldwin,  Jr.;  Royal  Botanic 
Gardens,  Kew,  Richmond,  Surrey,  and  College  of 
William  and  Mary. 

10:07  Chromosomes  of  Hymenoxys. 

J.  T.  Baldwin,  Jr.  and  Bernice  M.  Speese';  College  of 
William  and  Mary. 

10:15  Another  Suggestion  for  the  Inheritance  of  Handedness. 
Martha  Barber;  Hollins  College. 
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8.  10:25 

9.  10:35 
10.  11:00 

11.  11:10 

11:15 

12.  2:00 

13.  2:12 

14.  2:22 

15.  2:37 

16.  2:52 

17.  3:05 

18.  3:17 

19.  3:30 

20.  3:42 


Chromosomal  Numbers  and  Morphology  of  Certain  Species 
of  the  Moss  Genus,  Anomodon. 

Martha  Barber;  Hollins  College. 

Wayside  Wild  Flowers  of  the  Virginia  Peninsula. 

George  Carrington  Mason;  Newport  News. 

A  Preliminary  Report  on  the  Crayfishes  of  the  Atlantic 
Slope  from  New  Brunswick  to  South  Carolina. 

Horton  H.  Hobbs,  Jr.;  University  of  Virginia . 

A  Preliminary  Report  of  the  Mollusca  of  Hanover  County, 

Virginia. 

Paul  R.  Burch  and  John  B.  Burch;  Radford  College  and 
Randolph-Macon  College. 

Announcements  and  Business  Meeting. 

FRIDAY,  MAY  16  -  2:00  P.  M. 

Notes  on  the  Life  History  of  the  Croaker,  Micropogon 
undulatus. 

Dexter  Haven;  Virginia  Fisheries  Laboratory. 

The  Tidal,  Fresh-water  Rivers  of  Virginia  and  Their 
Fisheries. 

William  H.  Massmann;  Virginia  Fisheries  Laboratory. 
The  Physical  Hydrography  of  Estuaries  and  Some 
Applications  to  Biological  Problems. 

Donald  W.  Pritchard;  Chesapeake  Bay  Institute , 

Annapolis,  Maryland. 

Wild  Flower  Portraits. 

H.  A.  Maurice,  Jr.;  Richmond. 

Parasites  and  Diseases — a  Probable  Check  on  Bobcat 
Populations. 

Donald  R.  Progulske;  Virginia  Cooperative  Wildlife 
Research  Unit,  Virginia  Polytechnic  Institute. 

The  Effect  of  Red  Fox  Populations  on  Other  Game 
Species. 

F.  Nelson  Swink;  Virginia  Cooperative  Wildlife  Re¬ 
search  Unit,  Virginia  Polytechnic  Institute. 

Sex  and  Age  Ratios  in  the  Muskrat. 

Mitchell  A.  Byrd;  Virginia  Cooperative  Wildlife  Re¬ 
search  Unit,  Virginia  Polytechnic  Institute. 

High  Occurrance  of  Taenia  taeniaformis  in  the  Muskrat. 
Mitchell  A.  Byrd;  Virginia  Cooperative  Wildlife  Re¬ 
search  Unit,  Virginia  Polytechnic  Institute. 
Drosophilidae  in  a  Southwest  Virginia  Woods. 

Max  Levitan;  Department  of  Biology,  Virginia  Poly¬ 
technic  Institute. 
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21.  3:57  An  Annotated  Check  List  of  the  Flora  of  Virginia. 

A.  B.  Massey;  Virginia  Polytechnic  Institute. 

22.  4. TO  Dismal  Swamp. 

O.  H.  Weiss;  Newport  News. 

SATURDAY,  MAY  19  -  FIELD  TRIPS 

1.  Dismal  Swamp — all  day  trip  leaving  hotel  at  7:00  a.  m. 

Leader:  Otto  H.  Weiss,  longtime  student  and  native  of 
the  swamp  area. 

Small  charge  for  boat  hire;  bring  lunch;  further  details 
will  be  announced  at  the  meetings.  Please  register  with 
J.  D.  Andrews,  Yorktown,  Virginia,  by  May  10,  1952. 

2.  The  Marine  Fisheries  of  Virginia.  Leave  hotel  at  8:00 
a.  m. 

a.  A  boat  docked  at  the  hotel  will  take  a  limited  party 
to  the  J ames  River  seed  oyster  area  to  see  commercial 
operations. 

b.  Small  groups  will  be  taken  through  the  crab  houses, 
oyster  shucking  plants,  and  fish  houses  of  nearby  Hamp¬ 
ton.  These  are  usually  in  full  operation  Saturday 
morning. 

Both  groups  will  proceed  to  the  Virginia  Fisheries  Labora¬ 
tory,  Gloucester  Point,  Virginia,  where  staff  members  will 
be  avaialable  to  explain  the  work  of  the  Laboratory.  The 
exhibit  room  of  the  Laboratory  will  be  open. 


1: 


Chemistry  Section 

W.  Schuyler  Miller,  Chairman 
Henry  Leidheiser,  Jr.,  Secretary 
William  E.  Trout,  Jr.,  Section  Editor 


1. 


2. 


3. 


FRIDAY,  MAY  16  -  9:00  A.  M.  -  VIRGINIA  ROOM 
9:00  Introductory  Remarks  of  the  Chairman. 

9:15  Equilibria  in  Solutions  of  Complex  Ions. 

James  W.  Cole,  Jr.,  John  Y.  Mason,  and  Lewis  G. 
Cochran;  University  of  Virginia . 

9:30  Titania  Gel. 

Paul  D.  Webster,  III,  and  William  E.  Trout,  Jr.;  Uni¬ 
versity  of  Richmond. 

9:45  Recent  Studies  of  Phosphonic  Acids  of  Biological  Signifi¬ 
cance. 


1952] 


4.  10:00 


5.  10:15 


6.  10:25 


7.  10:40 


10:55 
8.  11:20 


9.  11:30 


10.  11:45 


11.  12:00 


12.  12:15 


12:30 

12:45 


13.  1:45 
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Alfred  Burger,  Norman  D.  Dawson,  Frank  L.  Sawyer, 
and  Beverly  E.  Smith;  University  of  Virginia. 

Preparation  of  a  New  Copper  Chelate  Compound. 

Suzanne  R.  Peter  and  Elizabeth  H.  Burkey ;  Hollins 
College. 

Iodometric  Determination  of  Ascorbic  Acid  in  Citric  Juices 
as  a  Student  Exercise. 

Alfred  R.  Armstrong;  College  of  William  and  Mary . 
Reactivity  of  Alkyl  Halides  in  the  Michaelis-Arbuzov 
Reaction. 

J.  Roger  Mangham  and  Charles  L.  Harowitz ;  Virginia- 
Carolina  Chemical  Company. 

The  Load  Elongation  Properties  of  Freshly  Precipitated 
Zein  Fibers. 

J.  S.  Gillespie,  Jr.  and  Herschel  S.  Jenkins;  Virginia- 
Carolina  Chemical  Company. 

Science  Talent  Search  Papers. 

The  Reaction  of  Amines  on  Various  Substituted  Benzoins. 
Joseph  W.  Baker  and  Robert  E.  Lutz;  University  of  Vir¬ 
ginia. 

Some  New  Organic  Reagents  for  the  Colorimetric  Determi¬ 
nation  of  Trace  Quantities  of  Boron. 

Everett  C.  Cogbill  and  John  H.  Yoe;  Pratt  Trace  Analysis 
Laboratory ,  University  of  Virginia. 

The  Use  of  Radioactive  Phosphorus  in  Studying  the  Loss  of 
Phosphate  in  Ashing  Human  Blood. 

Ralph  E.  Thiers;  Pratt  Trace  Analysis  Laboratory ,  Uni¬ 
versity  of  Virginia. 

Application  of  the  Selective  p-Nitrosophenylamino  Group 
in  the  Trace  Analysis  of  Several  of  the  Platinum  Metals. 
J.  J.  Kirkland;  Pratt  Trace  Analysis  Laboratory ,  Uni¬ 
versity  of  Virginia. 

Spectrophotometric  Studies  of  Metal  Complexes  of  2- 
Hydroxy=5-sulfo-2’-carboxyformazylbenzene. 

Richard  M.  Rush;  Pratt  Trace  A nalysis  Laboratory, 
University  of  Virginia. 

Business  Meeting. 

Recess  for  Lunch. 

FRIDAY,  MAY  16  -  1:45  P.  M. 

Further  Evidence  for  the  Mesomeric  Effect  in  Organo- 
Fluorine  Compounds. 

F.  A.  V ingiello,  J.  G.  VanOot,  and  H.  H.  Hannabass ; 
Virginia  Polytechnic  Institute. 
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15. 

16. 

17. 

18. 

19. 

20. 
21. 

22. 

23. 

24. 
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2 :00  Spectrophotometric  Studies  of  Mercaptoacetic  Acid  as  a 
Colorimetric  Reagent  for  Molybdenun. 

Fritz  Will;  Pratt  Trace  Analysis  Laboratory ,  University 
of  Virginia. 

2:15  Kinetic  Proof  of  a  Schiff  Base  Intermediate  in  the  Amine- 
Catalyzed  Condensation  of  Piperonal  with  Nitromethane. 
Thomas  I.  Crowell  and  David  W.  Peck;  University  of 
Virginia. 

2:30  Isolation  Studies  of  Antibiotic  Principles  of  the  Creosote 
Bush,  Larrea  divaricata. 

Lowell  V.  Heisey  and  Wayne  Ardinger;  Bridgewater 
College. 

2 :4 5  The  Reduction  of  Organic  Compounds  of  Sulfur  by  Metals 
in  Liquid  Ammonia. 

Robert  C.  Krug  and  Stanley  Tocker;  Virginia  Polytechnic 
Institute. 

3:00  The  Anomalous  Action  of  Ethylmagnesium  Bromide  on  Di¬ 
isobutyl  Ketone. 

Robert  C.  Krug,  Warren  L.  Choate,  Joseph  T.  Walbert, 
and  Robert  C.  Leedy;  Virginia  Polytechnic  Institute  and 
Washington  and  Lee  University. 

3:15  The  Peroxide  Catalyzed  Addition  of  Hydrogen  Bromide 
to  Methylenecyclobutane. 

Robert  C.  Krug,  Louis  W.  Smith,  and  Richard  M.  Yankee, 
Jr.;  Virginia  Polytechnic  Institute  and  Washington  and 
Lee  University. 

3:30  Aquo  Complex  Ions  in  General  Chemistry. 

John  F.  Baxter;  Washington  and  Lee  University. 

8:50  Distribution  of  SO=4  and  II  SO-*  Between  Aqueous  Solution 
and  the  Strong  Base  Anion  Exchange  Resin  Dowex-1. 

Cephas  Patch  and  John  F.  Baxter;  Washington  and  Lee 
University. 

4:00  Planning  for  Science  in  Virginia. 

Allan  T.  Gwathmey;  University  of  Virginia. 

4:10  Evidence  for  1,4-  and  1,6-  Reductions  of  cis  and  Trans- 
Phenyldibenzoylethylenes. 

Robert  E.  Lutz  and  Carl  R.  Bauer;  University  of 
Virginia 

4:25  The  Stereoisomeric  Dibromides  and  alpha- Bromo  Deriva¬ 
tives  of  Benzalacetophenone  and  the  Mechanism  of  Dehy- 
drohalogenation. 

Robert  E.  Lutz,  David  F.  Hinklev,  and  Robert  H. 
Jordan;  University  of  Virginia. 
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25.  4:40  Some  Amino  Ketones  and  Alcohols  Based  on  the  1,2- 

Diphenylpropane  System. 

Rosser  L.  Wayland  and  Robert  E.  Lutz;  University  of 
Virginia. 

26.  4:50  Cyclization  of  alpha-aminoethylamino  Ketones. 

Carl  D.  Lunsford,  Robert  E.  Lutz,  and  E.  E.  Bowden; 
University  of  Virginia. 

5:00  Adjourn. 

SATURDAY  MORNING,  MAY  17  -  9:00  A.  M. 

27.  9:00  A  Study  of  the  Wetting  of  Metallic  Surfaces  Using  Large 

Metallic  Single  Crystals. 

Jerome  Kruger;  University  of  Virginia. 

28.  9:10  The  Effect  of  Foreign  Substance  on  the  Rearrangement 

of  the  Surface  of  a  Copper  Single  Crystal  by  Reaction  of 
Hydrogen  and  Oxygen. 

R.  E.  Cunningham;  University  of  Virginia. 

29.  9:20  The  Growth  of  Single  Crystals  of  Iron  by  the  Strain- 

Anneal  Method. 

Bruce  Wagner,  Jr.;  University  of  Virginia. 

30.  9:35  The  Effect  of  Neutron  Bombardment  on  the  Electrical 

Properties  of  Semiconductors. 

F.  W.  Young,  Jr.;  University  of  Virginia. 

31.  9:50  Some  Recent  Studies  with  the  Electron  Field  Microscope 

of  the  Mueller  Type. 

Peter  Burum  Sherry;  University  of  Virginia. 

32.  10:00  Susceptibility  of  Aluminum  to  Mercury  Corrosion. 

Virgil  E.  Straughan;  Virginia  Institute  for  Scientific 
Research. 

33.  10:10  Molecular  Dimensions  of  Zein  from  Intrinsic  Viscosity 

Data. 

Carl  J.  Likes;  Virginia  Institute  for  Scientific  Research. 

34.  10:25  The  Disintegration  and  Dissolution  of  Urinary  Calculi. 

L.  W.  Claffey  and  D.  W.  Levi;  Virginia  Polytechnic 
Institute. 

35.  10:40  A  New  Type  of  Polarograph. 

B.  W.  Mundy  and  N.  W.  Allen;  Virginia  Military 
Institute. 

36.  10:50  Determination  of  Transition  and  Fusion  Points  by  the 

Method  of  Differential  Thermal  Analysis. 

O.  L.  Updike,  Jr.  and  Lewis  B.  Johnson,  Jr.;  University 
of  Virginia. 
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87.  11:05 


38.  11:20 


39.  11:35 


40.  11:50 


41.  12:05 


12:20 


Physical  Chemical  Properties  of  Hydrogen  Peroxide  and 
Hydrogen  Peroxide-Water  Mixtures.  I.  Dielectric  Constant 
Measurements. 

Paul  Gross,  Jr.,  and  John  D.  Floyd;  University  of 
Virginia. 

Physical  Chemical  Properties  of  Hydrogen  Peroxide  and 
Hydrogen  Peroxide-Water  Mixtures.  II.  Solubility  of 
Inorganic  Salts. 

Paul  Gross,  Jr.,  and  John  D.  Floyd;  University  of 
V  irginia. 

The  Shape  of  Copper  Single  Crystals  in  Contact  with  a 
Saturated  Liquid  Metal  Solution  of  Copper. 

J.  V.  Cathcart  and  G.  P.  Smith;  Oak  Ridge  National 
Laboratory. 

The  Habits  of  Copper  Crystals  Grown  from  Liquid  Metal 
Solutions. 

G.  P.  Smith  and  J.  V.  Cathcart;  Oak  Ridge  National 
Laboratory. 

A  Thermostat  for  Temperatures  Approaching  the  Soften¬ 
ing  Point  of  Pyrex. 

W.  H.  Bridges,  J.  V.  Cathcart,  and  G.  P.  Smith;  Oak 
Ridge  National  Laboratory. 

Adj  ourn. 


Section  of  Education 

Z.  T.  Kyle,  Chairman 
J.  H.  Boger,  Secretary 

FRIDAY,  MAY  16  -  9:00  A.  M.  -  PARLOR  B 
9:00  A.  M.  Announcements,  Committee  Reports. 

1.  9:30  A.  M.  Deficiencies  in  Understanding  of  Mathematical 

Concepts  Revealed  by  Diagnostic  Interview. 

Joseph  N.  Payne;  Lane  High  School. 

2.  10:00  A.  M.  Adjustment  Problems  of  College  Freshmen  at 

Hampton  Institute. 

Eva  C.  Mitchell;  Hampton  Institute. 

3.  10:30  A.  M.  A  Study  of  the  Need  for  Improvement  in  Classroom 

Environment  for  Optimum  Pupil  Growth,  Develop¬ 
ment  and  Performance  as  an  Integrated  Whole. 

E.  Eugene  Higgins;  Richmond  Public  Schools. 
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4.  11:00  A.  M. 


5.  2:00  P.  M. 

6.  2:30  P.  M. 

7.  3:00  P.  M. 


Report  of  Teaching  Success  of  Recent  Graduates  of 
Radford  College  as  Measured  by  (1)  Supervisors* 
Evaluation  and  (2)  Graduates’  Self-Evaluation. 

Minor  W.  Thomas;  Radford  College. 

A  Simple  Remedial  Reading  Technique  for  Use  with 
Adults  and  College  Students. 

Austin  E.  Grigg;  University  of  Richmond . 
Education’s  Role  in  Proper  Resource-Use  Training. 
Joseph  J.  Shomon ;  Virginia  Commission  of  Game 
and  Inland  Fisheries. 

Some  Factors  Relating  the  Success  of  Richmond 
College  Students  to  Their  High  School  Preparation. 
William  M.  Trausneck;  Patrick  Henry  School , 
Martinsville. 


Section  of  Engineering 

B.  A.  Niemeier,  Chairman 
V.  G.  Szebehely,  Secretary 
N.  F.  Murphy,  Section  Editor 

FRIDAY,  MAY  16  -  9:30  A.  M.  -  CHAMBERLIN  ROOM 

1.  9:30  Investigation  of  Subsonic  Boundary  Layer  Effects  on 

Supersonic  Airfoils. 

R.  W.  Truitt  and  C.  D.  West;  Virginia  Polytechnic 
Institute. 

2.  10:00  The  Second  Coefficient  of  Viscosity  Based  on  the  Reaction 

Rate  Theory. 

D.  Frederick;  Virginia  Polytechnic  Institute. 

3.  10:30  The  Determination  of  Base  Pressure  from  Firing  Range 

Data. 

R.  W.  Witt;  Naval  Ordnance  Laboratory ,  Navy  Depart¬ 
ment. 

4.  11 :00  Large  Elastic  Deformation  of  Cantilevers  with  Hydro- 

dynamic  Loading. 

P.  Eisenberg  and  L.  F.  Whicker;  David  Taylor  Model 
Basin,  Navy  Department. 

5.  11:30  Measures  of  Unsteadiness. 

V.  G.  Szebehely ;  David  Taylor  Model  Basin,  Navy 
Department. 
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6.  2 :00 

7.  2:30 

8.  3:00 

3:30 

9.  9:00 

10.  9:30 

11.  10:00 

12.  10:30 

13.  11:00 


FRIDAY,  MAY  16  -  2:00  P.  M. 

The  Theoretical  Behavior  of  a  Complex  Inelastic  Material. 
D.  Frederick  and  M.  A.  Garcia;  Virginia  Polytechnic 
Institute . 

A  New  Pressure  Coefficient  Equation  for  Two-Dimensional 
Supersonic  Flow. 

R.  W.  Truitt;  Virginia  Polytechnic  Institute. 

Utilization  of  Virginia  Resources  for  Light  Weight 
Aggregates. 

F.  C.  Vilbrandt  and  R.  M.  Biggam;  Virginia  Polytechnic 
Institute. 

Business  Meeting. 

SATURDAY,  MAY  17  -  9:00  A.  M. 

The  Influence  of  Degree  of  Crystallinity  on  the  Thermal 
Conductivity  of  Nylon  66. 

R.  A.  Fisher  and  R.  H.  Snow;  Virginia  Polytechnic 
Institute. 

Meaurement  of  Fused  Salt  Enthalpies  with  a  Copper- 
Block  Colorimeter. 

L.  P.  Johnson,  Jr.  and  O.  L.  Updike,  Jr.;  University  of 
Virginia. 

Application  of  Electrical  Analogues  to  a  Study  of  Pulsa¬ 
tions  in  Piping  Systems. 

Frank  S.  Fountain  and  O.  L.  Updike,  Jr.;  University  of 
Virginia. 

The  Correlation  of  Mass  Transfer  Coefficients  with  the 
Physical  Properties  of  Extraction  Systems. 

N.  F.  Murphy  and  A.  E.  Skrzec;  Virginia  Polytechnic 
Institute. 

V.  P.  I.  Chemical  Engineering  Research  and  Development 
Program. 

F.  C.  Vilbrandt  and  D.  Thompson;  Virginia  Polytechnic 
Institute. 


Section  of  Geology 

William  H.  Brown,  Chairman 
Raymond  S.  Edmundson  Vice-Chairman 
William  T.  Parrott,  Secretary 

FRIDAY,  MAY  16  -  9:00  A.  M.  -  JOHN  SMITH  ROOM 
9:00  Announcements,  Committee  Reports. 
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1.  9:10  Soil  Studies  in  Dismal  Swamp  Area,  Norfolk  County, 

Virginia. 

H.  C.  Porter,  Elvin  F.  Henry;  Virginia  Agricultural 
Experimental  Station ,  Soil  Conservation  Service  (Pre¬ 
sented  by  H.  C.  Porter.) 

2.  9:25  The  First  Discovery  of  a  Long  In-Line  Arrangement  of 

Crustal  Penetrations. 

B.  Ashton  Keith;  Director  of  the  Institute  of  Sciences , 
W ashing  ton,  D.  C. 

3.  9:40  Geologic  Material  Survey  As  Highway  Construction  Aids. 

John  P.  Meador;  Virginia  Department  of  Highways. 

4.  9:55  Present  Status  and  Projects  of  State  Geological  Survey. 

William  M.  McGill;  State  Geologist,  Virginia  Geological 
Survey. 

5.  10:10  An  Occurrence  of  Fresh  Water  Triassic  Limestone  in 

Culpeper  County,  Virginia. 

Robert  S.  Young  and  Raymond  S.  Edmundson;  Cornell 
University,  and  University  of  Virginia  (Presented  by 
Raymond  S.  Edmundson.) 

6.  10:20  Some  Observations  on  the  Basement  Complex  of  the 

Atlantic  Coastal  Plain. 

Wilbur  A.  Nelson;  University  of  Virginia. 

7.  10:30  Mineralogical  Studies  of  Sediments  of  Pamunkey  River, 

Virginia. 

Robert  L.  Figgers,  Fletcher  T.  McClintock,  A.  Parker 
Neff;  Washington  and  Lee  University  (Presented  by 
Robert  L.  Figgers.) 

8.  10:40  Mineralogical  Studies  of  Rappahannock  River,  Virginia. 

John  L.  Bowles.  William  H.  Foster,  Jr.,  William  S. 
Osborne;  Washington  and  Lee  University  (Presented  by 
William  S.  Foster,  Jr.) 

9.  10:50  Mineralogical  Studies  of  the  Sediments  of  Appomatox 

River,  Virginia. 

Robert  J.  MacCubbin,  Duke  R.  Moreland,  Richard  E. 
Schaub,  and  Paul  D.  Weill;  Washington  and  Lee  Uni¬ 
versity  (Presented  by  Duke  R.  Moreland.) 

10.  11:00  Groundwater  Conditions  of  the  Eastern  Shore  Peninsula. 

Allen  Sinnott;  United  States  Geological  Survey,  Ground- 
water  Division. 

11.  11 :10  The  Structure  and  Stratigraphy  of  the  Barringer  and  Ingles 

Mountain  “Windows,”  Montgomery  County,  Virginia. 
Charles  J.  Gose,  Jr.;  Virginia  Polytechnic  Institute. 

12.  11:25  Chert  Crystals  from  the  Knox  Dolomite. 

Richard  V.  Dietrich;  Virginia  Polytechnic  Institute. 
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13.  11:40 

11:55 

12:00 

2:00 

14.  2:30 

15.  2:45 

16.  3:00 

17.  3:15 

18.  3:30 

19.  3:45 

20.  4:00 
4:10 


Foreset  Bedding  in  the  Clinch-Tuscorora  Sandstone  of 
Virginia. 

W.  D.  Lowry;  Virginia  Polytechnic  Institute. 
Appointments  of  Committees  and  Announcements. 
Adjournment  for  Lunch. 

FRIDAY,  MAY  16  -  2:00  P.  M. 

Guest  Speaker. 

Dr.  Stephen  Taber — Professor  Emeritus  of  Geology , 
University  of  South  Carolina. 

A  Bryozoan  Fauna  from  the  Tyrone  Formation  Near 
Hagan,  Lee  County,  Virginia. 

Mary  H.  Ross  and  Wayne  E.  Moore;  Virginia  Polytechnic 
Institute  (Presented  by  Mary  H.  Ross.) 

Preliminary  Report  on  the  Occurrence  of  Ordovician 
Foraminifera  Near  Catawba,  Virginia. 

Wayne  E.  Moore;  Virginia  Polytechnic  Institute. 

Vertical  Styolites. 

Byron  N.  Cooper;  Virginia  Polytechnic  Institute. 
Headward  Growth  of  Anticlinal  Valleys  By  the  Karst  Cycle 
of  Erosion. 

Charles  F.  Lane;  Longwood  College. 

The  Geologist  As  His  Own  Press  Agent. 

W.  T.  Parrott;  Virginia  Department  of  Highways. 

The  Role  of  Temperature  in  Pegmatite  Formation. 

Paul  L.  Weis;  University  of  Virginia. 

Preliminary  Notes  on  the  Rockfish  Conglomerate. 

Horace  B.  Cook,  Jr.;  University  of  Virginia. 

Business  Meeting. 

Announcements,  Reports  of  Committees,  Election  of 
Officers. 

SATURDAY,  MAY  17,  1952  -  8:00  A.  M. 

Geological  Field  Trip. 

Details  of  trip  and  place  of  assembly  will  be  announced 
at  the  meeting  on  Friday. 

Section  of  Medical  Sciences 

D.  T.  Watts,  Chairman 
E.  G.  Huf,  Secretary 
William  Bickers,  Section  Editor 


FRIDAY,  MAY  16  -  9:00  A.  M.  -  CHESAPEAKE  ROOM 
1.  Variations  in  Heparin  Metachromasy. 
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John  W.  Kelly;  Department  of  Anatomy,  Medical  College  of 
Virginia. 

2.  Studies  on  the  Persistence  of  Digitalis  Effectiveness  in  Dogs. 

Mark  E.  Holt,  Jr.  and  Harvey  B.  Haag;  Department  of 
Pharmacology ,  Medical  College  of  Virginia. 

3.  Toxicological  Studies  on  the  Zinc  and  Disodium  Salts  of  Ethylene 
Bisdithiocarbamate  (Dithanes  Z  78  and  D  14  R). 

R.  Blackwell  Smith,  Jr.,  J.  K.  Finnegan,  P.  F.  Sahyoun,  H.  B. 
Haag,  and  P.  S.  Larson;  Departments  of  Pharmacology  and 
Surgery,  Medical  College  of  Virginia. 

4.  The  Adrenal  Ascorbic  Acid  and  Cholesterol  Levels  in  the  Albino 
Rats  after  Repeated  Mildly  Intoxicating  Oral  Doses  of  Alcohol. 

G.  M.  Duncan  and  J.  C.  Forbes;  Department  of  Biochemistry, 
Medical  College  of  Virginia,  and  the  Division  of  Alcohol  Studies 
and  Rehabilitation,  Department  of  Health,  Commonwealth  of 
Virginia. 

5.  Lipotropic  Action  of  Vitamin  B12. 

J.  C.  Forbes  and  O.  Petterson;  Department  of  Biochemistry, 
Medical  College  of  Virginia. 

6.  The  Effects  of  Thyroxine  on  the  Oxidation  of  Ascorbate  and 
Succinate  by  the  Cytochrome  Oxidase  System. 

Chalmers  L.  Gemmill;  Department  of  Pharmacology,  University 
of  Virginia  Medical  School. 

7.  The  Stimulation  of  Smooth  Muscle  by  Adenosine  Triphosphate. 

D.  T.  Watts;  Department  of  Pharmacology,  University  of  Vir¬ 
ginia  Medical  School. 

8.  The  Mechanism  of  the  Uptake  of  Radioactive  Phosphate  by  Human, 
Rabbit,  and  Chicken  Erythrocytes. 

D.  R.  H.  Gourley;  Department  of  Pharmacology,  University  of 
Virginia  Medical  School. 

9.  The  Mercuric  Chloride  Inhibition  of  Urease  and  Its  Reversibility 
at  Varied  Urea  Concentrations. 

Henry  E.  Evert  (introduced  by  C.  L.  Gemmill) ;  Department  of 
Pharmacology,  University  of  Virginia  Medical  School. 

10.  The  Influence  of  Histamine  on  the  Oxygen  Consumption  of  the 
Gastric  Mucosa. 

Leslie  E.  Edwards  and  Joyce  P.  Wills;  Department  of  Physi¬ 
ology,  Medical  College  of  Virginia. 

11.  Meningocele,  Umbilical  Hernia,  Extrophy  of  the  Bladder  and  Epi¬ 
spadias  in  a  Newborn  Infant. 

James  E.  Kindred  and  James  Odum;  Laboratories  of  Anatomy 
and  Pathology,  University  of  Virginia . 

12.  Histological  Studies  of  the  Reduction  of  Tetrazolium  Derivatives 
(TD)  by  Normal  and  Diseased  Human  Tissues. 
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Y.  T.  Hsu  and  Cornelia  Hoch-Ligeti;  Department  of  Pathology , 
University  of  Virginia  Medical  School. 

18.  A  Histochemical  Study  of  the  Parotid  Gland  of  the  Toad. 

Douglas  E.  Bragdon ;  School  of  Anatomy,  University  of  Virginia. 

14.  Neurogenic  Erythrocytosis. 

G.  R.  Hennigar,  E.  C.  Hoff  and  J.  F.  Kell,  Jr.;  Departments  of 
Pathology  and  Neurological  Science,  Medical  College  of  Virginia. 

15.  Preservation  of  Speech  with  Almost  Complete  Atrophy  of  the 
Major  Hemisphere. 

Walter  Riese;  Medical  College  of  Virginia. 

16.  Protein  Metabolism  in  Tumors:  The  Incorporation  and  Turnover 
of  Radioactive  Methionine  in  Ascites  Cancer  Cells. 

George  Z.  Williams,  Julienne  E.  Williams  and  Mary  L.  Haigler; 
Department  of  Oncology ,  Medical  College  of  Virginia. 

17.  Alterations  in  Decompression  Tolerance  Produced  in  Rats  by 
Ethyl  Alcohol  and  in  Mice  by  Sodium  5,5  di-phenyl-hydantoinate 
(Dilantin  Sodium). 

E.  H.  Sharp,  L.  E.  Rennie  and  E.  C.  Hoff;  Department  of 
N eurological  Science,  Medical  College  of  Virginia. 

18.  Linkage  Studies  of  Sickling  and  M,  N  and  S  Blood  Groups. 

Marion  Waller,  R.  D.  Hughes  and  R.  K.  Waller;  Department  of 
Biology,  Medical  College  of  Virginia. 

19.  Some  Observations  on  Squid  Axone  Structure;  Use  of  an  Intra¬ 
cellular  Light  Source. 

S.  Solomon;  Department  of  Physiology,  Medical  College  of 
Virginia. 

20.  Relation  of  Na+  Uptake  and  K+  Rejection  to  Membrane  Potential  in 
Isolated  Surviving  Frog  Skin. 

Ernest  G.  Huf  and  Joyce  Wills;  Department  of  Physiology, 
Medical  College  of  Virginia. 

21.  Experiments  in  the  in  vitro  Synthesis  of  Hemoglobin  by  Erythro¬ 
cytes. 

Lynn  D.  Abbott,  Jr.  and  Mary  Dodson;  Department  of  Bio¬ 
chemistry,  Medical  College  of  Virginia. 

22.  Invasion  of  Tadpole  Tissues  by  Balantidium  as  Recorded  by  Cine- 
photomicrography. 

Carl  C.  Speidel;  University  of  Virginia . 
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Section  of  Psychology 

A.  W.  Hurd,  Chairman 
S.  B.  Williams,  Secretary-Treasurer 
F.  W.  Finger,  Executive  Committeeman 

FRIDAY,  MAY  16  -  9:00  A.  M.  -  FORT  ROOM 


1. 

9:00 

The  Human  Operator  Factor  in  the  Operation  of  Com¬ 
munication  Systems. 

Howard  Reuben;  University  of  Virginia. 

2. 

9:15 

Day-to-day  Variability  in  the  Serial  Patterning  of  Psycho¬ 
logical  Responses. 

Willard  F.  Day,  University  of  Virginia. 

3. 

9:30 

An  Experimental  Test  of  the  Concept  “Response  of  Dis¬ 
criminating.” 

W.  H.  Morse;  University  of  Virginia. 

4. 

9:45 

The  Effect  of  Previous  Experience  and  Recent  Food  De¬ 
privation  on  Hoarding  in  the  Rat. 

James  G.  Holland;  University  of  Virginia. 

5. 

10:00 

Analysis  of  the  Conditions  Determining  Interference  in 
Complex  Discriminative  Motor  Performance. 

A.  J.  Slivinske;  University  of  Virginia. 

10:15 

15-minute  intermission. 

6. 

10:30 

Cutaneous  Beats  from  Combined  Electrical  and  Mechanical 
Vibratory  Stimulation. 

Jack  A.  Vernon;  University  of  Virginia. 

7. 

10:45 

Similarities  of  Content  of  Rorschach  Responses  of 
Husbands  and  Wives. 

Austin  E.  Grigg;  University  of  Richmond. 

8. 

11:00 

Negro  and  White  Childrens’  Adjustment  as  Revealed  by  a 
Comparison  of  Their  Drawings  (H-T-P). 

Emanuel  F.  Hammer;  Lynchburg  State  Colony. 

9. 

11:15 

Functions  of  the  Psychologist  with  Paraplegic  Patients. 
William  A.  Zielonka;  McGuire  V.  A.  Hospital. 

10. 

11 :30 

Psychometric  Test  Performance  in  Differential  Classifica¬ 
tion  of  Neurotic  and  Psychotic  Sub-groups. 

Reuben  S.  Horlick;  Alexandria. 

11. 

11:45 

The  Fourth  Category  of  Personality  Needs. 

John  A.  Black;  Central  State  Hospital. 

2:00 


FRIDAY,  MAY  16  -  2:00  P.  M. 
Business  Meeting  of  Psychology  Section. 
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12.  3:15  A  Follow-up  Study  of  Guessing  Behavior. 

Burton  R.  Wolin;  College  of  William  and  Mary. 

13.  3:30  Some  Comments  on  Theory  Construction  in  Physiological 

Psychology. 

John  K.  Bare;  College  of  William  and  Mary . 

14.  3:45  Major  Steps  in  Food-product  Acceptance  Research. 

James  A.  Bayton;  Howard  University  and  the  Bureau 
of  Agricultural  Economics,  U.  S.  D.  A. 

Section  of  Science  Teachers 

Susie  V.  Floyd,  Chairman 
Thomas  H.  Christie,  Chairman-Elect 
Martha  W.  Duke,  Secretary 

FRIDAY,  MAY  16,  1952  -  9:00  A.  M.  -  ARENA  ROOM 

Caverns  as  Teaching  Material  in  General  Science  in 
Secondary  Schools.  (Student  Exhibit). 

Mrs.  Thelma  C.  Heatwole;  Wilson  Memorial  High 
School,  Fishersville. 

Caverns  as  Teaching  Material  in  College.  (Illustrated) 
Marcellus  H.  Stow;  Washington  and  Lee  University. 
Virginia  Fisheries  Laboratory  Aids  in  Developing  the 
Teaching  of  Biology.  (Illustrated). 

Robert  S.  Bailey;  Virginia  Fisheries  Laboratory, 
Gloucester  Point. 

Science  Offerings  and  Teaching  Combinations  of  Science 
Teachers  in  the  High  Schools  in  Virginia.  (Illustrated). 

Percy  Holmes  Warren;  Madison  College. 

Business  Meeting. 

Section  of  Statistics 

J.  W.  Youden,  Chairman 
Lionel  Weiss,  Vice-Chairman 
M.  E.  Terry,  Secretary 
W.  A.  Hendricks,  Section  Editor 

FRIDAY,  MAY  16,  -  9:00  A.  M.  -  PARLOR  C 
1.  9:00  The  Treatment  of  Apparently  Anomalous  Observations. 


1.  9:00 

2.  9:30 

3.  10:00 

4.  10:45 

11:30 
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2.  9:20 

3.  9 :40 

4.  10:00 

5.  10:20 

0.  10:40 

7.  1 1 :00 

11:30 

8.  2 :00 

9.  2:15 

10.  2:35 

11.  2:55 

12.  8:05 

13.  9:00 

14.  9:20 
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Churchill  Eisenhart ;  National  Bureau  of  Standards, 
Washington. 

Statistics  in  Motion  and  Time  Research,  I. 

Fujio  Umibje ;  Virginia  Polytechnic  Institute . 

Statistics  in  Motion  and  Time  Study  Research,  II. 

Hale  Sweeny  ;  Virginia  Polytechnic  Institute. 

Design  of  an  Investigation  in  Philology. 

A.  M.  Myster;  Virginia  State  College. 

Evaluation  of  Pasture  Sampling  Techniques. 

Roy  Blazer;  Virginia  Polytechnic  Institute. 

Bias  and  Efficiency  of  Certain  Sampling  Methods. 

C.  Y.  Kramer  and  T.  J.  Smith;  Virginia  Polytechnic 
Institute. 

Teaching  Elementary  Statistics. 

Discussants:  A.  M.  Myster,  Virginia  State  College; 
L.  Weiss,  University  of  Virginia;  T.  S.  Russell,  Virginia 
Polytechnic  Institute;  W.  J.  Youden,  National  Bureau  of 
Standards ;  M.  E.  Terry,  Virginia  Polytechnic  Institute. 
Business  Meeting. 

FRIDAY,  MAY  16  -  2:00  P.  M. 

On  Testing  One  Composite  Hypothesis  Against  Another. 

L.  Weiss ;  University  of  Virginia. 

Sampling  of  Mice  Populations. 

R.  A.  Bradley;  Virginia  Polytechnic  Institute. 

Multiple  Regression  with  a  Quantal  Response. 

D.  B.  Duncan  and  R.  C.  Rhodes ;  V irginia  Polytechnic 
Institute. 

Multiple  Regression  with  a  Polychotomous  Criterion. 

D.  B.  Duncan  and  R.  E.  Schneider ;  Virginia  Polytechnic 
Institute. 

SATURDAY,  MAY  17  -  9:00  A.  M. 

Prediction  of  Extreme  Values. 

Julius  Lieblein ;  National  Bureau  of  Standards. 

The  Moving  Range  between  Groups  as  a  Control  Chart 
Statistic. 

M.  E.  Terry;  Virginia  Polytechnic  Institute. 

On  the  Techniques  of  Testing  Used  in  the  Study  of  F abrics 
by  the  United  States  Quartermaster  Board. 

Elie  Weeks ;  The  Quartermaster  Board,  Fort  Lee. 
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15.  9:40  The  Fitting  of  Iterative  Weighted  Least  Squares  Using 

an  Approximate  Constant  Inverse  Coefficient  Matrix. 

David  B.  Duncan,  Virginia  Polytechnic  Institute. 

16.  10:00  New  Designs  and  Techniques  for  Organoleptic  Testing — 

The  Rank  Analysis  of  Incomplete  Block  Designs — I. 

R.  A.  Bradley  and  M.  E.  Terry;  Virginia  Polytechnic 
Institute. 


The  Annual  Subscription  rate  is  $3.00,  and  the  cost  of  a  single 
number,  $1.00.  Reprints  are  available  only  if  ordered  when  galley  proof 
is  returned.  All  orders  except  those  involving  exchanges  should  be  ad¬ 
dressed  to  Boyd  Harshbarger,  Virginia  Polytechnic  Institute,  Blacks¬ 
burg,  Virginia.  The  University  of  Virginia  Library  has  exclusive  ex¬ 
change  arrangements,  and  communications  relative  to  exchange  should  be 
addressed  to  The  Librarian,  Alderman  Library,  University  of  Virginia, 
Charlottesville*  Virginia. 

Notice  to  Contributors 

Contributions  to  the  Journal  should  be  addressed  to  Horton  H.  Hobbs,  Jr., 
Miller  School  of  Biology,  University  of  Virginia,  Charlottesville,  Virginia.  If  any 
preliminary  notes  have  been  published  on  the  subject  which  is  submitted  to  the 
editors,  a  statement  to  that  effect  must  accompany  the  manuscript. 

Manuscripts  must  be  submitted  in  triplicate,  typewritten  in  double  spacing 
on  standard  8%”  x  11”  paper,  with  at  least  a  one  inch  margin  on  all  sides. 
Manuscripts  are  limited  to  seven  pages,  with  the  proviso  that  if  additional  pages 
are  desired,  the  author  may  obtain  them  at  cost. 

Division  of  the  manuscript  into  subheadings  must  follow  a  consistent  plan, 
and  be  held  to  a  minimum.  It  is  desirable  that  a  brief  summary  be  included 
in  all  manuscripts. 

Footnotes  should  be  included  in  the  body  of  the  manuscript  immediately 
following  the  reference,  and  set  off  by  a  dashed-line  above  and  below  the  foot¬ 
note  content.  Footnotes  should  be  numbered  consecutively  from  the  beginning 
to  the  end  of  the  manuscript. 

Bibliographies  (Literature  Cited,  References,  etc.)  should  be  arranged  alpha¬ 
betically  according  to  author.  Each  reference  should  include  the  date,  full  title 
of  the  article,  the  name  of  the  Journal,  the  volume,  number  (optional),  pages, 
tables  and  figures  (if  any).  For  example:  “Sniffen,  Ernest  W.  1940,  Cobbles  from 
the  Pleistocene  Terraces  of  the  Lower  York-James  Peninsula.  Va.  Joum.  Scl.f 
1  (8):  285-288,  1  fig.  1  tab.  Reference  to  the  bibliographic  citations  should  not 
be  made  by  numbers.  Instead,  using  the  above  citation,  where  a  reference  is 
desired:  either  “Sniffen  (1940)”,  "(Sniffen,  1940:  286)”,  or  “Sniffen  (1940) 
states  that . ” 

Explanations  of  Figures,  Graphs,  etc.,  should  be  typed  on  separate  pages. 
All  figures  should  be  numbered  consecutively  beginning  with  the  first  text  figure 
and  continuing  through  the  plates.  If  figures  are  to  be  inserted  in  the  text  this 
should  be  clearly  indicated  by  writing  “Figure  — ”  at  the  appropriate  place  in 
the  margin. 

Illustrations,  including  lettering,  should  be  arranged  so  that  on  reduction 
they  will  not  exceed  the  dimensions  of  the  maximum  size  of  a  printed  page, 
4  1/2”  x  6  1/2”,  and  so  that  they  are  well  balanced  on  the  page.  The  Journal  will 
furnish  the  author  with  one  plate  (halftone  or  line  reproduction)  or  its  equiva¬ 
lent;  additional  figures  colored  illustrations  or  lithographs  may  be  used  only  if 
the  author  makes  a  sr  'ant  covering  the  cost  of  production.  Original  drawings 
(which  must  be  done  in  black  drawing  ink),  not  photographs  of  drawings,  should 
accompany  the  manuscript.  Photographs  should  not  be  used  if  a  line  and  dot 
(stippled)  drawing  will  suffice.  If  photographic  prints  are  to  be  used  they 
should  be  glossy,  sharp  and  show  good  contrast.  Drawings  not  neatly  executed 
and  labeled  (do  not  use  a  typewriter),  or  which  are  submitted  on  yellow  or 
yellowish-white  paper  will  not  be  accepted. 

Galley  Proofs  and  engraver’s  proofs  of  figures  are  sent  to  the  author  for 
correction.  Costs  of  excessive  changes  from  the  original  manuscript  must  be 
defrayed  by  the  author. 
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THREADS  OF  GEOLOGY 

Arthur  Bevan 

Illinois  State  Geological  Survey ,  Vrbana,  Illinois 

“He  who  sees  things  grow  from  the  beginning  will  have  the 
best  view  of  them.”  Aristotle. 

“The  present  is  the  key  to  the  past.”  Hutton. 

“The  texture  of  modern  science  is  the  result  of  the  inter¬ 
weaving  of  the  fruitful  concepts.”  Conant. 

Landscape  features  can  scarcely  have  meant  more  to  early  man 
than  a  background  in  the  daily  struggle  for  existence.  Llilis  and  valleys, 
plains  and  mountains,  rivers  and  lakes  engendered  neither  purposeful 
reflection  nor  meditation  as  to  their  character,  relationships,  origin,  or 
environmental  effects. 

Millenia  passed;  races  evolved  and  disappeared.  Intelligent  man 
began  to  use  stones  for  crude  weapons  and  tools.  He  came  gradually  to 
recognize  local  concentrations  of  flint.  Nomadic  living  no  doubt  brought 
other  types  of  rocks  and  minerals  to  his  fleeting  attention. 

Rudimentary  civilizations  slowly  evolved.  Racial  progress  came 
to  depend  more  and  more  upon  the  character  of  the  accessible  geologic 
materials  in  a  diversity  of  environments.  For  countless  centuries, 
nevertheless,  man  was  imperceptive  to  most  geologic  processes  and 
phenomena,  Those  which,  occasionally  puzzled  or  terrified  him  had 
no  significance.  Intellectual  curiosity  did  not  yet  stir  him  to  logical 
speculations  about  earth  materials  or  their  relations  to  natural 
phenomena.  He  had  not  become  intellectually  equipped  or  sufficiently 
motivated  to  ponder  upon  his  geologic  environment. 

Man  with  the  mental  faculties  of  Homo  sapiens  became  dominant 
upon  part  of  the  earth  in  late  Pleistocene  time,  some  25,000  to  50,000 
years  ago.  Continental  ice  sheets  over  the  northern  half  of  Europe 
waxed  and  waned,  and  in  so  doing  sharpened  man’s  response  to  his 
physical  surroundings.  The  fabric  of  civilization  began  to  be  woven 
of  many  strands — material,  intellectual  and  spiritual.  Intellect  and 
spirit  were  within  man  himself.  The  material  warp  and  woof  were 
derived  from  the  bounteous  heritage  of  eons  of  physical  evolution  of 
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the  earth.  This  physical  heritage  in  all  its  diversity  and  complexity  is 
the  core  of  modern  geology. 

In  various  stages  of  early  cultural  development,  sapient  man  made 
deliberate  use  of  additional  geologic  materials.  Cro-Magnon  man  used 
mineral  pigments  to  record  his  observations  in  the  remarkable  poly¬ 
chromes  on  cave  walls  in  France.  Flint  quarries  were  opened  in  deposits 
most  suitable  for  the  skillful  fashioning  of  specialized  types  of  tools  and 
weapons.  Clays  were  used  for  modeling  and  the  making  of  crude  pottery, 
in  the  slowly  developing  ceramic  arts.  Stones  were  used  for  the  milling 
of  wild  or  domesticated  grains.  Men  of  the  New  Stone  Age  became 
adept  in  a  primitive  manner  in  the  use  of  earth  materials  close  at  hand. 
But  the  culturally  most  revolutionary  step  forward,  the  discovery  and 
use  of  metals,  yet  lay  some  5,000  to  10,000  years  in  the  future.  Stone 
and  a  few  nonmetallic  minerals  were  the  essential  and  dominant  geologic 
materials  used  by  man  during  his  Paleolithic  and  Neolithic  evolution, 
a  span  perhaps  of  a  hundred  millenia. 

The  early  production  of  usable  metals  from  ore  minerals  is  hidden 
among  the  obscurities  of  prehistoric  centuries.  Gleaming  fragments  of 
native  gold  and  copper  may  have  been  observed  in  streams  where  late 
Neolithic  man  fished  or  traveled  in  his  dugouts,  or  among  the  sands  of 
lake  shores  where  he  constructed  his  pile  villages.  Growing  curiosity 
and  experimentation  led  to  the  production  of  ornamental  and  useful 
pieces  of  metal.  When  ore  erratics  or  veins  of  suitable  metals  were  found, 
man  could  begin  to  develop  the  art  of  metallurgy,  for  fire  had  long  since 
been  his  servant.  Gold,  copper,  silver,  tin  and  iron  became  of  increasing 
importance. 

Gemstones  were  discovered  in  due  course ;  possibly  accidentally 
among  alluvial  sands  and  gravels  but  also  as  accessories  to  ore  minerals. 
They  were  probably  worn  first  as  amulets;  later  as  ornaments.  By 
historic  times  gems  had  become  one  of  man’s  most  prized  and  alluring 
geologic  resources.  They  became  one  of  the  coins  of  ancient,  as  well  as 
of  modern,  commerce. 

With  the  increasing  discovery  of  ore  minerals  and  practical  im¬ 
provements  in  the  reduction  of  metals  from  them,  man  made  relatively 
rapid  progress  into  the  dawn  period  of  the  historic  era.  Copper 
is  thought  to  have  been  known  at  least  100  centuries  B.  C.,  possibly 
twice  as  long,  and  it  was  in  use  certainly  5000  to  4000  B.  C.  Native 
gold  may  have  been  used  even  earlier  than  copper.  Man  entered  the 
“Bronze  Age”  of  culture  by  learning  how  to  alloy  copper  and  tin.  Its 
dawn  may  have  been  4000  to  3000  years  B.  C. ;  the  records  of  its  early 
principal  use  lie  between  2500  and  1000  B.  C.  Transition  was  then 
made  into  the  dominant  “Iron  Age,”  in  which  the  remarkable  geologic 
discoveries  and  technologic  developments  have  conditioned  the  material 
progress  of  man  to  the  present. 
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Man  has  been  led  into  modern  culture  through  the  accelerative 
discoveries  and  applications  of  science  during  the  past  few  centuries. 
Although  some  geologic  resources  were  purposively  used  by  man  in  remote 
prehistoric  times,  comprehension  and  utilization  of  the  facts  and  princi¬ 
ples  of  geology  lagged  far  behind  other  cultural  attainments.  Hence 
the  initial  fabric  of  geology  was  woven  irregularly  and  sporadically  of 
threads  of  many  lengths  and  textures.  In  tracing  the  evolution  of 
geologic  thought,  as  of  any  other  science,  it  must  be  understood  that  all 
science  is  the  product  of  yesterday  in  the  long  cycles  of  intelligent 
man.  But  in  a  short  span  it  has  become  a  primary  concern  of  man  and 
to  world  civilizations. 

Some  modern  geologic  concepts  had  ephemeral  germination  among 
ancient  historic  cultures  in  the  minds  of  those  endowed  with  unusual 
acumen.  Pythagoras,  for  example,  in  the  6th  century  B.  C.,  recognized 
the  carving  of  valleys  by  streams,  the  depositional  tying  of  former  islands 
to  the  mainland,  and  sea  invasions  whereby  marine  shells  were  left  far 
inland.  But  in  general  the  intellectual  climate  and  interests  were  not 
conductive  to  the  nurture  of  fundamental  concepts  of  natural  science. 
Uncoordinated  observations  about  common  earth  features  and  phenomena 
were  not  woven  into  a  definite  fabric  until  the  latter  part  of  the  18th 
century.  Part  of  the  long  delay  in  gathering  loose  ends  together  was  due 
to  the  stagnation  in  the  Dark  Ages  and  part  to  the  necessity  of  first 
establishing  some  of  the  basic  principles  of  the  sciences  which  underlie 
geology.  Even  yet,  with  the  spate  of  discoveries  and  achievements  in 
all  the  natural  sciences,  the  fabric  of  science  is  being  loomed. 

Rudimentary  geologic  observations  were  first  used  in  practical 
applications  and  not  for  spinning  theories.  Empirical  use  through 
centuries  gradually  built  foundations  for  interpretations  which  after 
some  testing  became  woven  into  the  fabric  of  geology.  The  earliest 
threads  in  the  fabric  were  spun  mainly  from  the  substance  of  mining 
geology,  embryonic  mineralogy  and  petrology,  and  economic  geology. 

Mining  geology. — Mining  was  the  first  application  of  geology.  We 
know  that  Neolithic  man,  and  perhaps  some  of  his  ancestors,  mined 
flint.  Crude  mining  of  placer  gold  may  have  followed.  Copper  ores 
were  mined  some  50  centuries  B.  C.  and  tin  ores  about  25  centuries  B.  C. 
Iron  was  mined  in  Egypt  and  Mesopotamia  about  1500  B.  C.  Much  of 
the  early  mining,  however,  made  only  crude  use  of  the  principles  of 
economic  geology.  Some  tactics  of  modern  mining  geology  were  employ¬ 
ed  in  some  of  the  extensive  and  still  accessible  ancient  mines.  A  trained 
observer  concludes  that  “the  economic  geology  of  those  times,  though 
empirical,  was  certainly  well  developed,  and  extreme  skill  and  care 
were  used  in  studying  the  local  geological  conditions.”  He  explains  the 
paucity  of  information  about  mines  and  mining  methods  on  the  basis 
that  the  miners  and  “geologists”  were  slaves  and  thus  beneath  the  notice 
of  either  historian  or  philosopher.  Moreover,  industrial  pursuits  were 
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ignored  by  groups  primarily  interested  in  art,  literature,  and  philosophy. 
The  secrets  of  the  industrial  arts  also  were  jealously  guarded. 

A  most  important  contribution  was  made,  after  the  long  period  of 
stagnation,  early  in  the  16th  century.  Agricola,  a  highly  educated  and 
learned  physician  in  Bohemia,  was  a  methodical  investigator  of  mines, 
ores,  minerals  and  matallurgical  processes.  His  spare-time  efforts 
were  given  for  a  quarter  of  a  century  to  the  preparation  of  a  treatise 
entitled  De  Re  Metallica,  which  described  and  organized  most  of  the 
developments  in  mining  geology  and  incorporated  much  new  material. 
Published  in  1555,  shortly  after  his  death,  it  became  a  guide  to  mining 
men  and  spurred  the  winning  and  treatment  of  ores.  This  significant 
but  forgotten  treatise  was  translated  into  English  by  Mr.  and  Mrs. 
Herbert  Hoover,  first  published  in  1912  and  reprinted  in  1950.  The 
Hoovers  state  that  the  clarity  of  Agricola’s  contributions  is  “as  crystal 
to  mud  in  comparison  to  those  of  his  predecessors  and  to  most  of  his 
successors  for  over  200  years.”  This  professional  evaluation  applies 
to  Agricola’s  research  in  mineralogy  and  to  that  part  of  the  field  now 
known  as  economic  geology  as  well  as  to  mining  and  metallurgy. 

The  techniques  of  mining  geology  and  mining  engineering,  coupled 
with  fundamental  research  in  the  relations  and  origin  of  ore  deposits, 
have  developed  greatly  since  Agricola’s  time,  especially  during  the 
past  half  century,  in  meeting  the  demands  of  a  rapidly  expanding  in¬ 
dustrial  economy,  gravely  burdened  with  the  large-scale  loss  of  irreplace¬ 
able  mineral  resources  in  two  enormously  destructive  world  wars.  These 
advances  have  been  accomplished  in  large  measure  through  the  knowledge 
and  ingenuity  of  mining  men,  mineralogists,  economic  geologists  and 
metallurgists. 

Mineralogy. — Mineralogy  has  been  said  to  be  the  oldest  science  and 
the  mother  of  all  geological  science.  Colorful  minerals,  striking  crystals, 
and  gemstones  had  attracted  men  in  very  ancient  times.  Mineralogy 
was  probably  the  first  scientific  subject  to  be  taught  in  universities. 
The  early  activities  either  were  not  recorded  or  the  records  have  been 
lost.  Preserved  is  the  fact  that  a  pupil  of  Aristotle  (Theophrastus) 
described  16  minerals  and  wrote  a  “Book  of  Stones.”  The  elder  Pliny 
named  several  minerals.  The  general  state  of  early  mineralogy  is  indi¬ 
cated  by  the  fact  that  fossils  were  also  considered  to  be  minerals. 

In  the  early  part  of  the  16th  century,  Agricola  added  20  minerals 
to  the  small  list  of  identified  ones  and  recognized  that  many  more  were 
undescribed  and  unnamed  (some  2000  are  now  known).  His  De  Natura 
Fossilium,  in  four  parts,  was  the  first  serious  attempt  at  a  treatise  on 
systematic  mineralogy.  He,  also,  did  not  discriminate  sharply  between 
minerals  and  fossils.  He  gave  the  first  critical  description  of  crystals 
and  the  physical  propetise  of  some  minerals.  Unlike  the  fanciful  specula¬ 
tions  of  most  of  his  predecessors,  his  conclusions  were  founded  upon 
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systematic,  purposeful  observations;  thus  he  helped  lay  the  foundation 
for  a  branch  of  geology. 

The  development  of  mineralogy  during  the  next  two  and  a  half 
centuries  was  chiefly  of  a  routine  nature — more  minerals  found,  describ¬ 
ed  and  named.  Significant  advances  in  concepts,  in  study  techniques, 
and  in  interpretations  were  few.  Scant  growth  was  made  until  the  19th 
and  20th  centuries.  Many  of  the  laws  of  crystal  symmetry  were  con¬ 
ceived  prior  to  1800.  The  appointment  of  Silliman  in  1802  as  professor 
of  chemistry  and  mineralogy  at  Yale  College  gave  strong  stimulus  to  the 
broadening  and  deepening  of  research  in  mineralogy.  Further  impetus 
was  given  by  the  acquisition  of  the  famous  Gibbs  collection  of  20,000 
foreign  specimens  for  display  at  Yale.  Many  mineralogic  articles  soon 
appeared  in  the  American  Journal  of  Science,  founded  in  1818  by 
Silliman.  In  1837  was  published  the  first  comprehensive  reference 
work  in  English,  “The  System  of  Mineralogy,”  by  the  young  and  brilliant 
mineralogist  and  geologist,  J.  D.  Dana.  Its  enduring  worth  is  attested 
by  the  fact  that  the  seventh  revised  edition  is  now  being  published.  In 
the  third  edition  (1850)  Dana  based  his  classification  on  a  new  concept 
— that  minerals  are  chemical  compounds  whose  formation  in  the  earth’s 
crust  obeyed  chemical  laws  and  thus  had  been  responsive  to  their  chemi¬ 
cal  environments.  Henceforth,  mineralogy  was  transformed  from  a 
descriptive  study  to  analytical  research.  As  Willis  stated:  “Dead 
mineralogy  came  to  life.”  Dana’s  attitude  toward  scientific  truth — “not 
to  change  with  the  advance  of  science  ....  is  persistence  in  error”- — not 
only  made  revised  editions  of  the  “System”  indispensable,  but  it  reflect¬ 
ed  a  new  outlook  upon  research  and  changing  concepts  in  geological 
science. 

With  the  rapid  progress  of  research  in  chemistry,  much  attention 
was  given  in  the  19th  century  to  the  composition  of  minerals.  Specula¬ 
tion  on  crystal  form  and  structure  and  mineral  genesis  became  increas¬ 
ingly  fruitful,  and  research  in  the  entire  field  became  more  balanced. 
Students  of  optical  mineralogy,  aided  by  new  tools,  soon  made  notable 
contributions  to  concepts  and  techniques. 

It  is  astonishing  now  to  recall  that  at  the  turn  of  the  century  many 
mineralogists  thought  that  research  in  their  field  had  almost  ended. 
“All  of  the  commoner  minerals  had  certainly  been  discovered  and  ex¬ 
haustively  studied.  Little  apparently  was  left  that  could  be  added  to 
our  knowledge  of  them.”  In  illuminating  contrast  stands  the  brilliant 
work  of  20th-century  mineralogists,  chemists,  and  physicists  on  crystals 
and  minerals.  Among  the  outstanding  concepts  may  be  mentioned  (1) 
the  atomic  structure  of  crystals;  (2)  the  structure  of  space-lattices  and 
the  exchange  of  ions;  (3)  the  nature  of  clay  minerals  and  their  relations 
to  geologic  and  engineering  problems;  and  (4)  procedures  for  the  labora- 
tory  synthesis  of  pure  minerals  and  crystals,  including  gems.  These 
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products  of  modern  research  have  resulted  from  new  concepts  tested  and 
established  by  evolving  chemical  and  physical  research  tools  and  tech¬ 
niques,  such  as  spectrogaphy,  radioactivity,  X-ray  analysis,  and  differ¬ 
ential  thermal  analysis.  Even  yet,  in  the  words  of  a  noted  mineralogist, 
the  “day  is  not  in  sight”  when  “the  science  of  mineralogy  is  complete 
and  has  become  a  discipline.” 

Petrology . — Petrology,  the  science  of  rocks,  treats  of  the  character, 
geologic  relations,  occurrence  and  origin  of  rocks,  that  is,  their  geologic 
history.  More  or  less  unrelated  facts  about  rocks  were  recognized  by 
the  philosophers  and  “naturalists”  of  Arabia,  Egypt  and  Greece.  Until 
the  early  part  of  the  19th  century  the  megascopic  study  of  rocks  was 
generally  associated  with  mineralogy  and  stratigraphy.  Ford  states  in 
1918  that  “Only  within  the  past  fifty  years  has  the  systematic  investi¬ 
gation  of  rocks — their  composition,  relations,  and  origins — reached  a 
stage  that  justified  the  recognition  of  a  distinct  branch  of  science.”  The 
abortive  attempt  of  Linnaeus,  the  botanist,  to  classify  rocks  as  well  as 
plants  on  a  binomial  basis  is  of  historic  significance  as  a  reflection  of 
concepts  of  the  middle  18th  century. 

A  historic  controversy  of  wide  and  deep  significance  arose  during 
the  18th  century  from  scientific  interest  in  the  meaning  of  rocks.  The 
Germanic  Neptunists  argued  with  more  fervor  than  objectivity  that  all 
rocks — even  igneous  rocks — were  chemical  precipitates  from  oceanic 
waters.  This  dogma  was  finally  controverted  by  the  exact  and  thorough 
field  studies  of  the  British  Plutonists,  who  proved  the  true  origin  of 
igneous  rocks.  The  debate  had  numerous  repercussions,  particularly 
upon  theories  concerning  the  origin  of  ore  deposits. 

Petrogaphic  research — the  systematic  megascopic  and  microscopic 
description  of  rocks — was  aided  greatly  by  the  discovery  and  use  of 
new  techniques.  Two  epochal  treatises  on  rocks  appeared  during  the 
1820s,  one  in  France  and  the  other  in  Germany.  According  to  Cross, 
they  placed  “the  classification  of  rocks  upon  a  firm  basis  as  a  systematic 
science.”  A  strategic  concept  of  these  petrographers  was  that  the 
characters  of  rocks  and  their  geologic  environments  were  genetically  re¬ 
lated  and  thus  should  be  determinative  factors  in  scientific  classifications. 
As  stated  in  1876  by  the  renowned  Rosenbusch,  “A  rock  becomes  alive 
to  me  only  when  I  have  grasped  its  relations  to  our  planet  and  its 
history.”  Petrographic  research  advanced  steadily  when  mineralogists 
and  chemists  joined  efforts  in  the  determination  of  the  actual  components 
of  rocks  and  their  relationships. 

Petrologists  for  a  long  time  focused  research  on  igneous  rocks, 
which  had  originated  in  almost  bewildering  diversity  in  manifold  geologic 
environments  from  molten  masses  deep  within  the  earth’s  crust.  This 
partiality  was  due  to  the  fascinating  assemblages  of  minerals  and  the 
principles  of  mineral  genesis  involved,  the  genetic  history  of  diverse  rock 
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types,  and  the  apparent  relations  of  ore  deposits  to  many  igneous  rocks. 
The  complex  metamorphic  rocks,  derived  by  alteration  in  changing 
geologic  environments,  next  received  detailed  study  as  research  tech¬ 
niques  and  concepts  were  developed  in  the  late  19th  century  and  the  early 
20th  century.  The  widespread,  highty  significant  aggregates  of  mechani¬ 
cal,  organic  and  chemical  particles — the  sedimentary  rocks — were  petro- 
logically  long  neglected  although  of  increasing  interest  to  stratigraphers 
and  earth  historians.  The  intensive  and  extensive  explorations  during 
the  last  third  of  a  century  for  petroleum,  natural  gas,  groundwater  and 
industrial  minerals  in  these  sedimentary  host  rocks  made  more  thorough 
petrologic  investigations  inevitable. 

An  illustration  of  the  development  of  research  to  a  peak  with  conse¬ 
quent  tapering  off  to  an  apparent  plateau  is  noted  in  the  statement  of 
Gregory  about  the  scientific  study  of  rocks:  “By  1850  the  possibilities 
of  increase  of  knowledge  through  the  study  of  rocks  appeared  to  have 
been  exhausted;  no  further  steps  seemed  possible  .  .  .  .Petrography  had 
come  to  a  blank  wall.”  But  it  is  an  inherent  characteristic  of  scientific 
research  that  the  birth  of  a  new  and  stimulating  concept  or  the  discovery 
of  a  new  and  perhaps  revolutionary  research  technique  pushes  back  the 
frontiers  of  that  particular  science.  In  petrology,  the  use  in  microscopes 
of  the  Nichol  prism  for  polarizing  light,  which  was  invented  in  1828, 
opened  up  fields  far  beyond  the  “blank  wall.”  Another  new  technique 
speeded  achievement:  grinding  an  opaque  rock  in  slices  so  thin  (thin 
sections)  that  for  practical  microscopic  study  they  are  almost  trans¬ 
parent. 

Geochemical  studies  have  added  greatly  to  the  knowledge  of  the 
distribution  and  migration  of  elements  in  the  rocks  of  the  earth’s  crust. 
Mining  and  drilling  in  many  parts  of  the  world  have  unlocked  bountiful 
storehouses  of  geologic  data,  much  of  it  of  a  petrologic  character.  Mines 
can  now  be  made  more  than  a  mile  deep ;  borings  for  oil  to  depths  of  three 
to  four  miles  are  almost  commonplace;  deep  prospecting  by  the  diamond 
drill  is  routine  procedure.  Geophysical  exploration  also  has  resulted 
in  deep  reconnaissance  studies  of  the  outer  shell  of  the  earth. 

Economic  Geology  .——G old  and  copper  were  probably  the  first  ores 
used  by  man  as  he  was  starting  up  the  material  ladder  of  civilization. 
Casual  use  may  have  been  as  remote  as  200  centuries  B.  C. 

Deliberate  search  for  ore  deposits  ensued  as  the  usefulness  and 
worth  of  metals  expanded.  Mining  and  processing  of  copper,  tin  and 
iron  ores  became  established  industrial  arts  from  about  5000  to  1500 
B.  C.  Until  the  16th  century  of  the  Christian  era,  or  even  later,  the 
practices  were  primarily  empirical  without  knowledge  of  the  principles 
of  economic  geology.  There  was  no  science  of  economic  geology  until 
the  18th  or  19th  centuries. 

The  early  concepts  about  ores  were  fantastic.  Examples  of  numer- 
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ous  fruitless  interpretations  are:  (1)  Metal-making  vapors  emanated 
from  a  perpetual  fire  in  the  interior  of  the  earth;  (2)  ore  veins  and 
veinlets  were  the  branches  and  twigs  of  a  huge  “tree”  of  metal  rooted 
deeply  in  the  earth;  (3)  ores  were  reproduced  by  “seeds”  and  grew 
like  plants;  and  (4)  base  metals  were  somehow  transmuted  into  gold. 
There  prevailed  also  the  authoritarian  view  that  all  rocks,  minerals  and 
ores  were  original  parts  of  a  supernaturally  created  earth. 

The  salient  facts  about  ores  were  long  considered  to  be  the  core  of 
economic  geology;  studies  of  them  and  theories  about  their  origin  long 
provoked  discussion  and  still  stimulate  friendly  controversy.  Agricola 
spun  the  first  tangible  threads  of  economic  geology  as  he  studied  mines 
and  minerals  in  Bohemia.  In  the  introduction  to  their  translation  of 
Agricola’s  De  Re  Metallicci,  the  Hoovers  state:  “In  his  propositions 
as  to  the  circulation  of  ground  waters,  that  ore  channels  are  a  subsequent 
creation  to  the  contained  [containing]  rocks,  and  that  they  were  filled 
by  deposition  from  circulating  solutions,  he  enunciated  the  foundation  of 
our  modern  theory,  and  in  so  doing  took  a  step  in  advance  greater  than 
that  of  any  single  authority.”  Agricola’s  significant  contribution  to  the 
embryonic  science  of  geology  lies  in  the  fact  that  his  interpretations 
were  based  upon  both  methodical  field  observation  and  logical  reasoning. 

During  the  next  two  centuries  various  facets  of  ore  deposits  were 
explored.  Late  in  the  18th  century  a  heated  international  controversy 
began  to  brew  about  the  genesis  of  ore  veins  with  two  radically  divergent 
concepts  as  its  basis.  The  Neptunists,  led  vigorously  by  the  gifted 
Werner  in  Germany,  dogmatized  that  ore  veins  had  been  formed  from 
oceanic  waters  which  percolated  downward  in  the  earth’s  crust.  The 
opposing  Plutonists,  with  the  versatile  Hutton  in  Great  Britain  as  their 
champion,  strongly  advocated  a  magmatic  source.  They  believed  that 
igneous  rocks  and  ores  were  closely  akin  and  perhaps  consanguineous. 

The  approaches  of  the  two  schools  to  the  solution  of  this  absorbing 
scientific  and  economically  significant  problem  were  in  strong  and 
illuminative  contrast.  The  Neptunists  were  mainly  speculative  and 
attempted  to  fit  observed  facts  to  preconceived  theory  whereas  the 
Plutonists  reasoned  logically  from  field  observations  to  a  working 
hypothesis.  Hutton  and  his  followers  proved  the  magmatic  origin  of 
igneous  rocks  and  the  association  of  many  ore  deposits  with  them.  The 
essence  of  their  argument,  that  many  ores  were  deposited  by  ascending 
magmatic  vapors  and  liquids,  is  widely  accepted  today.  Some  difference 
of  opinion  exists  as  to  the  relative  roles  of  vapors  and  liquids,  depths  at 
which  the  ores  crystallized  from  the  fluids,  and  the  relations  of  some 
ore  deposits  to  igneous  rocks.  A  concept  prevalent  into  the  20th  century 
was  that  meteoric  waters  circulating  in  the  rocks  had  played  a  major 
role  in  the  concentration  of  ores. 

Field  evidence  painstakingly  gleaned  from  many  mining  districts 
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by  numerous  economic  geologists  has  caused  the  magmatic  concept  to 
gain  wide  acceptance  over  the  meteoric  concept.  The  data  have  been 
substantiated  and  supplemented  by  much  geochemical  research  on  ore 
and  rock  minerals.  However,  one  should  not  lose  sight  of  the  fact  that 
the  diversity  of  ore  deposits  and  their  geologic  environments  make  other 
origins  probable  for  some  of  them. 

The  Industrial  Revolution  in  England  in  mid- 18th  century  made 
coal  and  metals  indispensable  to  a  progressive  industrial  society.  Hence 
for  a  long  time  economic  geology  was  essentially  a  study  of  ore  deposits. 
During  the  late  19th  and  in  the  20th  century  all  geologic  materials  of 
actual  or  potential  use  have  come  within  the  purview  of  economic  geology 
for  their  economic  utilization  involves  numerous  geologic  problems. 
Consequently,  increasing  interest  has  developed  in  the  specific  geology 
of  petroleum,  coal,  groundwater,  and  manifold  industrial  minerals 
(nonmetallics)  and  in  conceptual  bases  for  precise  research  on  them. 
Each  of  these  groups  of  geologic  resources,  moreover,  has  become  of 
critical  importance  to  the  American  way  of  life  and  to  our  participation 
in  international  affairs.  Economic  geology  in  the  broadest  sense  has 
become,  therefore,  a  paramount  factor  in  the  continued  welfare  of  our 
modern  society. 

Petroleum  Geology. — Petroleum  geology  is  a  relatively  recent  phase 
of  economic  geology.  Oil  which  had  seeped  from  fissures  in  the  rocks 
and  its  residues  were  recognized  and  probably  used  in  rather  remote 
antiquity.  They  had  considerable  local  use  in  early  historic  times  and 
during  periods  recorded  in  the  Bible.  Herodotus  in  the  5th  century  B.  C. 
recorded  the  production  of  asphalt  and  oil  from  a  well,  and  rock  oil 
long  has  had  considerable  use  for  medicinal  purposes.  Oil  contaminated 
some  of  the  salt  licks  upon  which  the  westward  migrants  in  the  Appa¬ 
lachian  region  depended.  In  1806  a  well  was  drilled  near  Charleston, 
West  Virginia,  to  obtain  salt  brine.  This  idea  had  far-reaching  conse¬ 
quences  for  the  future  of  the  petroleum  industry  and  petroleum  geology 
in  North  America.  The  associated  oil  was  a  nuisance  to  seekers  of  salt 
brines,  but  within  slightly  more  than  a  century  economics  had  so  dras¬ 
tically  changed  that  oil  was  eagerly  sought  throughout  the  world. 

Oil  in  “large”  quantity  was  found  in  a  fairly  deep  well  drilled  in 
1814  in  Cumberland  County,  Kentucky.  The  pioneer  markets  could 
absorb  small  amounts  only  for  medicinal  use,  lighting,  and  lubricants. 
A  salt  well  drilled  in  1847  near  Pittsburgh  to  a  depth  of  more  than  400 
feet  produced  oil.  This  oil  and  its  attempted  medicinal  use  led  by  an 
interesting  chain  of  circumstances  to  the  drilling  in  1859  of  the  historic 
Drake  well  in  northwestern  Pnnsylvania.*  “Oil  fever”  swept  the  country. 
In  less  than  20  years,  oil  had  been  discovered  in  many  places  from 
Pennsylvania  to  California. 

The  first  sites  for  oil  prospecting  were  naturally  the  petroliferous 
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salt  licks  and  wells  and  areas  of  oil  and  gas  seepages  and  residues. 
Geologists,  however,  had  noted  as  early  as  1844  the  association  of  oil  with 
a  definite  structural  pattern  of  sedimentary  rocks  in  parts  of  Canada, 
and  later  in  Pennsylvania  and  West  Virginia.  By  1860  the  concept  had 
developed  that  migrating  petroleum  had  been  trapped  in  inverted  basins 
(anticlines)  in  sedimentary  rocks.  This  fundamental  concept  gave  strong 
impetus  to  the  youthful  oil  industry.  In  the  1880s  it  became  an  estab¬ 
lished  principle  of  oil  prospecting  by  geologists.  Rule-of-thumb  drillers 
ignored  or  ridiculed  the  idea,  but  it  has  always  been  one  of  the  guiding 
concepts  of  geologic  exploration  before  systematic  drilling.  In  the 
meantime  other  essential  geologic  conditions  had  been  conceived:  the 
presence  of  a  source  bed,  a  porous  reservoir  rock  in  the  anticline,  and  an 
impervious  cap  rock  above  the  reservoir  to  prevent  the  escape  of  the 
buoyant  oil  and  gas. 

Numerous  modifications  of  the  simple  anticlinal  structure  were 
postulated  and  tested,  and  other  geologic  factors  contributory  to  oil  and 
gas  accumulation  were  observed.  Stratigraphic  traps — sealed  reservoirs 
within  a  stratum,  e.g.,  buried  coral  reefs,  beds  that  wedge  out,  zones  of 
decreased  lateral  porosity — have  recently  received  much  consideration. 
The  somewhat  revolutionary  concepts  of  stratigraphic  traps  of  diverse 
form,  extent,  and  capacity  in  turn  stimulated  much  thought  and  imagina¬ 
tion  about  the  fundamental  data  and  principles  of  stratigraphy  and 
sedimentation,  as  well  as  of  the  characteristics  and  relations  of  the  voids 
and  the  oil-water  contacts  in  the  host  rocks.  Recent  studies  of  the  be¬ 
havior  of  clay  minerals  in  petroliferous  formations  bear  directly  upon 
the  search  for  oil  in  particular  geologic  environments. 

The  steadily  increasing  demand  for  more  oil  and  natural  gas  has 
brought  forth  a  train  of  concepts  and  new  applications  of  old  ones  in 
the  whole  realm  of  geologic  fundamentals,  resulting  in  “discovery  think¬ 
ing”  about  geologic  environments  favorable  to  commercial  oil  and  gas 
accumulation  throughout  the  world. 

As  the  geologic  characteristics  of  the  concealed  reservoirs  were 
discovered,  more  thought  was  given  to  the  migration  of  oil  and  gas  into 
them.  Rise  of  the  more  buoyant  fluids  through  water-filled  zones  in 
the  entrapping  anticlines  was  a  generally  acceptable  explanation.  For 
oil  far  down  the  flanks  of  such  folds  it  was  postulated  that  it  had  follow¬ 
ed  water  as  it  receded  to  lower  levels.  The  latest  theory,  according  to 
Hubbert,  is  that  oil  and  gas,  together  or  separately,  accumulated  in  vari¬ 
ous  types  of  reservoirs  as  the  result  of  differences  in  energy  potentials 
of  all  the  fluids  occupying  voids  in  the  rocks.  Many  geologic  factors, 
naturally,  have  affected  the  amount  and  site  of  commercial  accumulations. 
Groundwater  in  motion  in  saturated  zones  has  been  an  impelling  factor. 

Although  much  thought  has  been  given  by  chemists,  geologists,  and 
biologists  to  the  origin  of  petroleum,  its  exact  origin  is  yet  an  unsolved 
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geochemical  and  biochemical  problem.  In  the  latter  half  of  the  19th 
century,  chemists  consistently  advocated  an  inorganic  origin.  They 
conceived  that  hydrocarbon  compounds  had  been  formed  in  the  earth 
at  high  temperatures  through  the  contact  of  water  and  gases  with  alkali 
metals  or  with  metallic  carbides.  As  recently  as  1909  it  was  stated  that 
“great  oil  deposits  are  generated  from  iron  carbides  either  by  or  without 
the  agency  of  water.”  The  concept  of  inorganic  origin  was  unacceptable 
to  scientists  working  with  the  geologic  facts. 

In  this  century  the  organic  origin  of  petroleum  and  natural  gas 
has  become  almost  axiomatic.  As  long  ago  as  1859  Newberry  postulated 
that  oil  was  generated  by  slow  distillation  at  low  temperatures  of  car¬ 
bonaceous  materials  in  sedimentary  rocks.  Others  thought  that  high 
temperatures  in  strata  undergoing  severe  deformation,  as  in  the  Appa¬ 
lachian  orogeny,  had  been  a  critical  factor.  Divergent  concepts  have 
been  advocated  within  recent  decades  as  to  the  relative  importance  of 
plant  and  animal  remains  as  original  sources,  and  stress  has  been  placed 
upon  the  role  of  anerobic  bacteria. 

Coal  Geology. — Coal  is  another  geologic  resource  that  may  have 
been  used  during  remote  antiquity.  It  was  mentioned  by  Aristotle  and 
its  use  was  described  by  Theophrastus.  It  had  considerable  use  in  the 
13th  century  in  England  and  France,  but  its  general  use  was  restricted 
by  regulations  and  public  disfavor.  Coal  was  discovered  in  Canada 
about  1672;  it  was  shipped  in  1730,  or  earlier,  from  the  Richmond  Basin 
in  Virginia. 

During  the  nearly  two  centuries  since  the  Industrial  Revolution  in 
England,  much  attention  has  been  given  to  technologic  improvements 
in  mining,  preparation,  and  use  of  coal  rather  than  to  its  geology.  Unlike 
the  general  use  of  geology  now  in  the  discovery  and  procurement  of 
petroleum,  geology  has  not  been  an  essential  handmaiden  to  the  winning 
of  coal  from  the  earth.  Nevertheless,  the  geology  of  coal  and  its 
geologic  relations  are  becoming  steadily  of  greater  importance  in  the 
mining  and  use  of  coal,  and  intensive  geologic  and  geochemical  research 
is  in  progress. 

Microscopic  study  of  thin  sections  and  polished  surfaces,  X-rays, 
and  differential  thermal  analyses  have  contributed  to  an  understanding 
of  the  geochemical  and  geophysical  characteristics  of  various  coals. 
Paleobotanical  research,  e.g.  on  spores,  has  given  more  insight  into 
the  geology  of  coal.  The  geologic  environments  of  coal,  both  present 
and  past,  have  been  intensively  studied.  One  objective  of  these  studies 
has  been  to  formulate  satisfactory  concepts  about  the  coalification  pro¬ 
cess — the  stages  from  parent  vegetation  to  bituminous  coal  and  an¬ 
thracite — as  of  fundamental  scientific  significance  and  as  an  aid  to 
more  precise  scientific  classification  of  coal. 

An  early  concept  postulated  that  coal  was  formed  in  situ  from 
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parent  plant  detritus.  The  opposing  concept  was  formulated  later 
that  the  plant  debris  had  been  transported  to  the  basins  of  accumulation, 
a  view  which  is  not  generally  supported  by  the  geologic  evidence.  Much 
thought  has  been  given  also  to  the  geologic  relations  of  coal  beds  and 
to  their  repetitive  occurrence  in  a  thick  sequence  of  marine  sedimentary 
rocks.  Many  of  the  problems  have  been  attacked  by  intensive  study 
of  the  paleogeographic  and  sedimentologic  conditions  which  appear  to 
have  favored  periodic  accumulation  of  plant  debris  in  extensive  swamps 
near  sea  level.  An  interesting  and  useful  recent  product  of  these  field 
studies  is  the  concept  of  cyclothems-unit  sequences  of  coal-bearing  strata 
cyclically  deposited  for  a  long  time  in  certain  extensive  basins. 

Groundwater  Geology. — The  use  of  groundwater  by  man  is  no  doubt 
as  old  as  the  human  race.  Its  geologic  environment  was  longer  in  being 
understood  than  that  of  most  other  geologic  resources,  and  even  today 
there  is  much  misunderstanding. 

The  classical  philosophers  had  fanciful  hypotheses  about  springs, 
the  obvious  evidence  of  large  bodies  of  water  underground.  Springs 
were  commonly  ascribed  to  the  outpourings  of  huge  reservoirs  in  the 
earth’s  interior.  Aristotle  pointed  out  that  a  reservoir  as  large  as  the 
earth  itself  would  be  required  to  furnish  all  the  waters  flowing  in 
springs  and  spring-fed  rivers.  Hence  he  concluded  that  condensation  of 
cold  air  within  the  earth’s  chambers  produced  the  subterranean  waters 
much  as  atmospheric  condensation  produced  rain. 

Other  views  predominated,  particularly  under  the  influence  of 
Biblical  dogma.  It  was  thought  that  springs  fed  rivers  flowing  into 
the  ocean  from  whence  water  seeped  through  holes  in  the  ocean  floor 
into  subterranean  channels  which  replenished  the  inexhaustible  reservoirs. 
Some  were  perplexed  by  the  conversion  of  saline  oceanic  waters  into 
the  fresh  waters  of  mountain  springs.  One  explanation  was  that  the 
interior  waters  were  vaporized  by  the  internal  fires;  the  vapors  rose 
through  caverns  into  high  mountains  to  issue  as  springs. 

About  the  beginning  of  the  Christian  era  an  observant  architect 
deduced  that  rain  and  snow  falling  on  mountains  seeped  into  the  earth 
and  then  moved  to  springs  at  the  base  of  mountains.  He  observed  that 
certain  plants  are  indicators  of  ground  waters.  Both  concepts  are  among 
present  hydrologic  principles,  but  he  was  so  far  ahead  of  his  time  that 
little  credence  was  given  them. 

The  astute  Leonardo  da  Vinci  was  an  accurate  observer  of  natural 
phenomena.  He  appears  to  have  had  a  modern  conception  of  the  hydro- 
logic  cycle ;  rain — groundwater — springs — rivers — water  bodies — evapo¬ 
ration — rain.  In  the  middle  16th  century  a  French  paleontologist  and 
ceramicist  inferred  that  percolating  groundwater  followed  impervious 
strata  to  the  spring  outlets. 

No  substantial  progress  could  be  made  in  formulating  fundamental 
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concepts  of  groundwater  geology  until  at  the  end  of  the  18th  century 
observations  had  been  organized  into  a  philosophy  at  least  akin  to 
science.  Quantitative  data  on  rainfall,  rivers  and  springs  had  been 
obtained  during  the  17th  century.  In  1751  the  president  of  the  Uni¬ 
versity  of  Padua  in  Italy  published  a  book  in  which  he  explained  in 
almost  modern  terms  the  source  of  groundwater  and  the  mechanics  of 
its  movement.  By  the  middle  of  the  19th  century,  according  to  Meinzer, 
French  scientists  had  established  the  “principles  of  the  geologic  occur¬ 
rence  of  ground  water  and  the  hydrostatic  theory  of  artesian  flow.” 

* Stratigraphic  Geology. — Stratigraphy  is  concerned  primarily  with 
sedimentary  rocks  —  their  lithologic  characteristics,  three-dimensional 
relationships,  fossil  contents  and  geologic  history.  An  important  ob¬ 
jective  of  stratigraphic  research  is  the  orderly  classification  of  all 
strata  into  natural  groups,  involving  all  rocks  from  the  oldest  to  the 
youngest.  It  comprises  determination  of  the  time  sequence  and  cor¬ 
relation  of  strata  in  widely  separated  regions.  Incompletely  exposed 
sections  of  rocks  must  be  properly  fitted  into  the  established  time  scale, 
as  well  as  those  which  are  penetrated  underground. 

Speculations  among  common  rocks  in  early  historic  epochs,  even 
until  the  Renaissance,  ranged  from  the  utterly  fanciful  to  conjectures 
that  had  germs  of  scientific  truth.  Pythagoras,  for  example,  in  the  6th 
century  B.  C.,  recognized  that  seas  had  inundated  the  lands  and  left 
behind  marine  shells  as  witnesses  of  the  invasions.  The  real  geologic 
significance  of  fossil  shells  apparently  did  not  occur  to  him.  Not  until 
the  versatile  Leonardo  da  Vinci  in  the  late  15th  century  studied  strata 
and  their  fossil  contents  was  it  clearly  comprehended  that  those  shells 
are  the  remains  of  marine  invertebrates  that  lived  in  the  invading  seas. 

More  interest  was  aroused  by  these  relics  of  ancient  life  than  by 
the  drab  host  rocks.  They  stimulated  and  inflamed  some  of  the  great 
controversies  about  organic  evolution.  Fossils  of  all  kinds  are  now  of 
primary  significance  as  records  of  the  parade  of  evolving  organisms 
through  successive  stages  of  earth  evolution.  Their  great  value  to  the 
stratigrapher  consequently  is  as  indicators  of  the  relative  ages  of  strata 
in  an  orderly  succession,  the  identification  of  original  sequences  when 
the  strata  have  become  disordered  by  deformation,  and  the  correlation 
of  approximately  contemporaneous  formations  separated  by  consider¬ 
able  distance,  as  between  New  York  and  Alabama  in  the  deformed 
Appalachian  Mountains. 

The  real  fabric  of  stratigraphy  began  to  be  woven  about  the  mid¬ 
dle  of  the  18th  century  when  some  sedimentary  rocks  in  central  Europe 
were  differentiated  into  thirty  formations.  It  was  a  natural  conclusion 
to  the  basic  concept  of  modern  stratigraphy  that  sedimentary  rocks 
were  deposited  in  orderly  sequence.  Within  another  decade  it  was  realiz¬ 
ed  that  in  some  areas  strata  had  been  deposited  upon  the  eroded  sur- 


166 


The  Virginia  Journal  of  Science 


[July 


faces  of  older  rocks.  Both  marine  and  terrestrial  fossils  were  soon 
recognized. 

The  most  illuminating  principles  of  stratigraphy  and  of  geologic 
history  were  not  apprehended  until  rather  accurate  geologic  mapping 
was  done  by  men  with  an  interpretive  outlook.  In  the  18th  and  19th 
centuries,  William  Smith  surveyed  canals  in  the  British  Isles.  His 
alert  mind  grasped  the  significance  of  the  variable  character,  distribu¬ 
tion,  sequence,  and  fossils  of  the  sedimentary  rocks  with  which  he  work¬ 
ed.  He  fathered  the  concept  that  some  beds  are  marked  by  index  fossils 
which  do  not  occur  in  associated  beds.  His  geological  map  in  colors, 
published  in  1815,  portrayed  the  areal  geology  of  England,  Wales,  and 
part  of  Scotland.  Geologic  maps  of  the  concentric  outcrop  belts  of  the 
Paris  Basin  had  been  made  in  the  middle  18th  century,  but  they  were 
graphic  records  of  observations  without  significant  interpretation. 

Structural  Geology. — Observations  about  the  structure,  or  attitude, 
of  rocks  were  made  in  connection  with  the  early  mining  of  ores.  Flat- 
lying  strata  aroused  little  curiosity.  Highly  inclined  and  folded  strata 
in  the  mountains  caused  the  usual  fanciful  theorizing. 

Logical  deductions  based  on  careful  observation  began  to  supplant 
pure  speculation  in  the  16tli  and  17th  centuries,  though  a  few  scientific 
concepts  had  earlier  sporadic  germination.  In  1688  Steno  published  a 
geological  treatise  in  which  he  recognized  that  some  strata  on  opposite 
slopes  of  a  mountain  were  of  the  same  material  and  had  the  same 
structural  form.  He  conceived  that  some  alteration  in  the  position  of 
strata  caused  mountains  to  be  formed.  Some  philosophers,  however,  still 
seemed  to  think  that  mountains  grew  like  trees. 

The  dogmatic  Neptunists  in  Germany  believed  that  inclined  sedi¬ 
mentary  rocks  had  been  deposited  originally  on  steep  slopes  and  that 
distorted  beds  were  due  to  cavern  roof  collapse.  Hutton,  the  thorough 
observer  and  leader  of  the  Plutonists  in  England,  thought  that  rocks 
had  been  deformed  by  great  lateral  stresses,  but  he  strayed  from  the 
field  of  rigorous  observation  in  ascribing  most  deformation  to  igneous 
intrusion. 

Critical  observations  of  the  highly  deformed  rocks  of  the  Alps  led 
in  1833  to  the  fruitful  concept  that  the  outer  shell  of  the  earth  had 
adjusted  to  an  interior  core  which  was  steadily  shrinking  because  of 
heat  loss.  In  consequence,  great  folds  in  the  strata  had  been  produced 
by  lateral  pressure.  This  far-reaching  concept  was  supported  by  exten¬ 
sive  studies,  mainly  by  the  Rogers  brothers,  in  the  folded  Appalachians 
in  Pennsylvania  and  Virginia.  They  postulated,  however,  that  mass 
movements  in  a  hypothecated  internal  molten  mass  had  thrown  the  earth’s 
crust  into  great  “waves.”  Continued  stratigraphic  research  by  many 
students  in  the  Appalachian  region  gave  birth  to  the  idea  that  enormous 
thicknesses  of  sediment  had  accumulated  in  sinking  crustal  troughs  from 
which  great  mountain  chains  had  been  eventually  upfolded  and  upthrust 
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by  lateral  compressive  stresses.  Further  studies  in  the  Alps  led  to  a 
supplementary  concept,  that  profound  lateral  stresses  had  caused  great 
sheets  of  strata  to  be  overturned,  broken,  and  thrust  forward  far  beyond 
their  original  positions. 

Geomorphology. — Some  accurate  interpretations  of  local  land  forms 
were  made  by  engineers  and  others  during  ancient  times.  They  were, 
however,  sporadic  threads  which  did  not  become  woven  into  the  fabric 
of  geology.  Catastrophic  convulsions  of  nature  was  the  explanation  of 
most  philosophers  until  the  development  of  the  observational  method 
during  the  Renaissance.  Scientific  interpretation  of  the  characteristics, 
genetic  relations,  and  evolutionary  history  of  topographic  features  neces¬ 
sarily  awaited  some  scientific  comprehension  of  the  stratigraphy  and 
structure  of  the  underlying  rocks  and  of  the  creative  geologic  agents  and 
processes. 

The  scope  of  geomorphologic  concepts  embraces  most  of  geologic 
history;  hence,  only  two  basic  concepts  of  significant  illustrative  value 
are  here  given  brief  consideration. 

One  of  the  fundamental  concepts  is  that  of  the  erosion  cycle.  In 
1774  Desmarest  in  France  propounded  the  doctrine  that  streams  have 
cut  their  valleys.  He  also  attempted  to  decipher  the  history  of  a  land¬ 
scape.  Hutton  in  Englaiid  in  1795  stated  that  valleys  had  been  formed 
by  the  erosive  work  of  sediments  brought  from  the  mountains.  He  broad¬ 
ly  conceived  that  “there  is  no  spot  on  which  rivers  may  not  have  former¬ 
ly  run.”  These  concepts  were  firmly  established  by  Sir  Charles  Lyell 
in  his  excellent  textbook  entitled  “Principles  of  Geology,”  first  publish¬ 
ed  in  the  early  1830’s.  He  fathered  the  doctrine  of  uniformitarianism 
— that  “the  present  is  the  key  to  the  past;”  processes  of  today  have  been 
the  processes  of  all  geologic  time.  Major  Powell  as  a  result  of  his  trips 
about  1870  through  the  Grand  Canyon  country  and  the  canyon  itself 
believed  that  streams  had  been  eroding  the  lands  toward  a  featureless 
plain  not  far  above  sea  level.  About  20  years  later,  W.  M.  Davis  forma¬ 
lized  the  concepts  of  the  erosion  cycle  as  evolutionary  stages  of  land 
forms  from  infancy  through  youth  and  maturity  to  old-age  characteristics. 
The  penultimate  result  of  stream  erosion  under  stable  crustal  conditions 
was  a  peneplain.  Conceptual  modifications  have  since  been  made,  but 
the  essence  remains. 

One  of  the  most  revolutionary  geologic  concepts  was  that  of  con¬ 
tinental  glaciation.  It  is  a  story  of  long  development  with  many  facets. 
Its  essentials  were  formulated  in  Switzerland  by  Agassiz  just  prior  to 
the  middle  19th  century  and  applied  in  the  United  States  when  he  be¬ 
came  a  resident  here.  Inasmuch  as  the  widespread  mantle  of  unconsoli¬ 
dated  materials  now  known  as  glacial  drift  had  been  previously  explain¬ 
ed  as  due  to  the  Noachian  deluge,  other  great  floods,  and  even  to  ice¬ 
bergs  from  polar  regions,  controversy  was  lively  until  well  into  the 
latter  part  of  the  century.  One  controversial  issue  was  the  role  of  alpine 
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glaciers  versus  rivers  in  sculpturing  mountains  and  fiords,  but  in  the  end 
the  proponents  of  the  glacier  sculpturing  of  alpine  valleys  proved  the 
major  aspects  of  their  hypothesses. 

Earth  Age. — A  most  profound  conceptual  change  in  the  philosophy 
of  geology  has  resulted  through  the  gradual  transition  from  an  authori¬ 
tarian  view  of  the  age  of  the  earth  as  a  planet  and  as  the  habitat  of 
organisms  to  scientific  doctrine  based  upon  critical  studies  of  various 
geologic  records.  It  is  indeed  a  far  cry  from  the  dogma  of  Bishop  Ussher 
in  1650  that  the  earth  was  created  in  4004  B.  C.  to  the  modern  concept 
that  the  earth  is  more  than  8  billion  years  old.  Lord  Kelvin’s  calculation, 
based  on  the  rate  of  cooling  of  the  earth  from  an  ancestral  molten  state, 
of  20  to  40  million  years  was  finally  found  to  be  at  decided  variance  with 
the  geologic  facts,  but  it  retarded  geologic  concepts  for  a  long  period. 
Many  facts  entered  into  the  new  concept  of  the  earth’s  age.  None,  how¬ 
ever,  has  been  as  potent  as  the  calculations  based  on  radioactive 
phenomena  in  the  slow  decay  of  certain  minerals.  In  brief,  allantite 
in  Nelson  County,  Virginia,  is  known  to  be  about  800  million  years  old; 
and  minerals  in  very  ancient  rocks  (pre-Cambrian)  in  Canada  to  be 
about  2  billion  years  old. 

As  illimitable  space  has  become  available  for  the  conceptual  schemes 
of  astronomers,  almost  endless  time  has  become  available  to  earth  his¬ 
torians  for  development  of  concepts  about  the  evolution  of  the  earth  and 
its  parade  of  organisms. 
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Further  Studies  on  the  Production  of  Bovine 
Hyperkeratosis  by  the  Administration 
of  a  Lubricant 

Wilson  B.  Bell 
Virginia  Polytechnic  Institute 

Evidence  that  bovine  hyperkeratosis  is  caused  by  a  toxic  sub¬ 
stance  or  substances  is  presented  in  the  reports  of  various  workers. 
Olson,  Cook,  and  Brouse  (1950)  reported  on  an  outbreak  in  a  group 
of  calves  fed  various  rations.  In  addition  to  prairie  hay  the  calves 
were  fed  various  supplemental  feeds  that  had  been  formed  into  pellets 
prior  to  the  feeding  trial.  They  obtained  evidence  that  an  unknown 
factor  or  factors  in  the  particular  dehydrated  alfalfa  hay  and  the 
dicalcium  phosphate  used  in  the  supplement  enhanced  the  severity  of 
the  disease.  Olson  and  Cook  (1951)  later  reported  the  production  of 
hyperkeratosis  in  calves  fed  the  pelleted  feed-stuff  left  over  from  the 
previous  work.  Environment  and  contact  were  eliminated  as  possible 
factors.  Olafson  and  McEntee  (1951)  were  able  to  produce  experi¬ 
mentally  bovine  hyperkeratosis  by  feeding  a  processed  concentrate. 
Later  McEntee,  Hansel,  and  Olafson  (1951)  succeeded  in  producing 
the  disease  with  the  free  fatty  acid  fraction  of  the  ether  extract  of 
the  processed  concentrate.  Wagener  (1951)  reported  the  production  of 
bovine  hyperkeratosis  with  one  lot  of  wood  preservative  that  was  used 
in  Germany  from  1946  to  1948.  Miller,  Bortree,  and  Shook  (1952) 
recently  reported  the  experimental  production  of  the  disease  by  feed¬ 
ing  a  particular  crop  of  timothy  hay.  They  suggested  that  the  hay 
could  have  been  contaminated  with  a  chemical  agent  possibly  similar 
to  the  wood  preservative  used  by  Wagener  (1951).  In  a  previous 
paper  the  author  (Bell,  1952)  reported  the  production  of  hyperkera¬ 
tosis  by  the  oral  administration  of  a  lubricant.  Thus,  the  disease 
has  been  produced  under  experimental  conditions  bjT  use  of:  (l)  cer¬ 
tain  alfalfa  pellets,  (2)  a  processed  concentrate  and  fractions  of  this 
concentrate,  (3)  one  lot  of  wood  preservative,  (4)  a  particular  lubri¬ 
cant,  and  (5)  a  particular  crop  of  timothy  hay.  These  facts  suggest 
that  a  variety  of  substances  may  become  contaminated  with  some 
hyperkeratosis-producing  compound.  It  is  further  indicated  that  the 
disorder  may  be  caused  by  several  compounds  or  even  several  groups 
of  compounds  rather  than  by  a  single  entity. 

Since  the  first  report  by  the  author  (Bell,  1952)  that  the  oral 
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administration  of  a  lubricant  could  produce  bovine  hyperkeratosis  ef¬ 
forts  have  been  made  to  identify  the  active  factor  or  factors.  The  work 
has  been  done  in  cooperation  with  the  manufacturer,  the  Sinclair  Re¬ 
fining  Company  and  the  Sinclair  Research  Laboratories,  Inc.,  who 
furnished,  in  addition  to  financial  help,  the  technical  services  of  chem¬ 
ists,  as  well  as  the  various  materials  used.  This  report  describes  the 
results  obtained  with  the  materials  which  represented  the  normal  con¬ 
stituents  of  the  lubricant.  A  chemical  additive,  a  highly  chlorinated 
naphthalene,  used  in  the  manufacture  of  the  lubricant  originally 
studied  (Sinclair  Opaline  Chassis  Lubricant),  was  found  to  produce 
symptoms  and  lesions  identical  with  those  described  in  the  previous 
paper.  Further  cooperative  studies  are  in  progress  in  an  effort  to 
identify  more  completely  the  nature  of  this  compound.  It  should  be 
pointed  out  that  as  a  result  of  this  cooperative  study  the  Sinclair  Re¬ 
fining  Company  has  ceased  to  use  the  highly  chlorinated  naphthalene 
as  a  chemical  additive  in  the  manufacture  of  Opaline  Chassis 
Lubricant.  Test  of  the  lubricant  as  now  manufactured  shows  that  it 
does  not  produce  hyperkeratosis. 

MATERIALS  AND  METHODS 

Normal  calves  of  the  Holstein,  Guernsey,  and  Jersey  breeds  were 
obtained  from  the  Virginia  Polytechnic  Institute’s  herds.  They  were 
fed  home-grown  hay,  milk  from  the  parent  herd,  and  a  commercial 
grain  mixture  for  calves.  The  ration  was  identical  to  that  used  for 
calves  in  the  parent  herds,  in  which  hyperkeratosis  is  known  not  to 
have  occurred.  The  ages  of  the  calves  when  the  administration  of 
materials  was  begun  ranged  from  61  to  140  days,  and  all  were  on  the 
hay  and  grain  ration  at  that  time.  The  calves  were  all  handled  in 
the  same  manner  except  for  the  exposure  to  the  various  materials.  No 
attempt  at  isolation  was  made,  but  in  general,  calves  receiving  the 
same  material  were  penned  together. 

The  materials  furnished  by  the  manufacturer  and  administered  to 
the  calves  were  designated  as  follows:  (1)  Item  1  —  the  Opaline 
Chassis  Lubricant  minus  the  highly  chlorinated  naphthalene;  (2)  Item 
2  —  A  3%  solution  in  Mineral  Oil,  U.S.P.,  of  a  highly  chlorinated 
naphthalene;  and  (3)  Item  3  —  Mineral  Oil,  U.S.P.  These 
materials  were  administered  orally  by  means  of  gelatin  capsules  ac¬ 
cording  to  the  following  schedule: 

Calf  V271  —  Item  1.  10  grams  each  day  of  administration 
for  a  total  of  450  grams  in  57  days. 

Calf  1460  —  Item  2.  10  grams  each  day  of  administration 

for  a  total  of  170  grams  in  17  days. 

Calf  1466  —  Item  2.  10  grams  each  day  of  administration 

for  a  total  of  160  grams  in  16  days. 
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Item  2.  5  grams  each  day  of  administration 
for  a  total  of  65  grams  in  29  days. 

Item  2.  5  grams  each  day  of  administration 
for  a  total  of  85  grams  in  22  days. 

Item  2.  5  grams  each  day  of  administration 
for  a  30  IJL  atl-va” 

Item  2.  5  grams  each  day  of  administration 
for  a  total  of  15  grams  in  7  days. 

Item  2.  5  grams  each  day  of  administration 
for  a  total  of  50  grams  in  12  days. 

Item  3.  10  grams  each  day  of  administration 
for  a  total  of  435  grams  in  55  days. 

Item  3.  10  grams  each  day  of  administration 
for  a  total  of  230  grams  in  24  days. 

RESULTS  AND  DISCUSSION 

The  calf,  V271,  exposed  by  means  of  oral  administration  to  Item 
1  (Opaline  Chassis  Lubricant  minus  the  highly  chlorinated  naphtha¬ 
lene  received  450  grams  in  57  days.  This  calf  remained 
normal  for  the  entire  period  of  observation  of  82  days.  The  amount 
of  Item  1  administered  was  far  in  excess  of  that  required  for  the  pro¬ 
duction  of  symptoms  and  lesions  by  the  lubricant  previously  reported 
(Bell,  1952).  It  is  apparent  that  Item  I,  which  is  the  lubricant  without 
the  chemical  additive,  lacked  the  factor  or  factors  capable  of  producing 
symptoms  or  lesions  under  the  conditions  of  the  study. 

Seven  calves  received  varying  amounts  of  Item  2  (a  3%  solu¬ 
tion  in  Minral  Oil,  U.S.P.,  of  a  highly  chlorinated  naphthalene)  by 
means  of  oral  administration  .These  calves  developed  symptoms  and 
lesions  identical,  in  most  respects,  to  those  previously  reported  as  be¬ 
ing  produced  by  the  lubricant.  During  the  period  of  these  observa¬ 
tions  no  symptoms  of  hyperkeratosis  and  no  evidence  of  a  dietary 
deficiency  appeared  in  approximately  30  calves  remaining  in  the  par¬ 
ent  herd,  although  these  calves  received  the  same  type  of  ration,  in¬ 
cluding  a  grain  mixture  from  the  same  source,  as  did  the  calves 
in  the  experiment. 

The  amounts  of  Item  2  administered  to  the  calves  varied  from 
a  total  of  15  grams  in  7  days  to  a  total  of  170  grams  in*  17  days.  The 
two  calves,  1460  and  1466,  which  received  the  greatest  amounts  of 
Item  2  per  administration  developed  symptoms  on  the  8th  and  7th 
days  respectively,  or  after  80  or  70  grams  had  been  given  orally.  The 
initial  symptoms  were  depression  and  nasal  discharge.  These  were  fol¬ 
lowed  by  the  appearance  of  lacrimation,  salivation,  and  red  areas  on 
the  lips,  tongue,  hard  palate,  and  gums.  Both  calves  became  extremely 
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weak,  and  autopsies  were  conducted  on  the  26th  day  after  the  initial 
administration  of  Item  2.  Neither  calf  developed  pronounced  hyper¬ 
keratosis,  but  both  developed  small,  grayish,  raised  areas  on  the  dorsal 
surface  of  the  tongue  and  one  (1466)  showed  similar  areas  of  skin  be¬ 
low  the  nostrils  (Fig.  5). 


Th©  five  other  calves  receiving  Item  2  were  given  considerably 
le< as  of  this  maituai  was  t?1  ron  to  ^lves  1460  axld  14^0  The 

first  appearance  of  symptoms  in  the  calves  of  this  group  varied  from 
12  to  17  days  from  the  beginning  of  the  administration  of  the  mate¬ 
rial.  Symptoms  did  appear,  however,  after  as  little  as  15  grams  of 
Item  2  had  been  given  in  7  days  (Calf  1481).  The  initial  symptom 
in  this  group  of  five  calves  was  lacrimation,  with  the  exception  of 
calf  1476,  in  which  a  reddening  of  the  gums  was  the  first  change 
noted.  The  initial  symptom  was  followed  by  intermittent  diarrhea, 
salivation,  nasal  discharge,  red  areas  at  various  sites  such  as  the  lips, 
hard  palate,  gums,  chin,  and  in  and  around  the  nostrils,  raised  areas 
below  the  nostrils,  and  progressive  weakness.  Two  calves  of  this 
group,  1483  and  1486,  were  autopsied  on  the  34th  and  36th  day  re¬ 
spectively.  Hyperkeratosis  or  proliferative  changes,  except  raised  areas 
on  the  chin  of  Calf  1483,  were  not  pronounced  in  these  two  animals. 
Calf  1476  developed  pronounced  proliferative  changes  on  the  dental 
pad  (Figs.  1,  2,  3)  and  at  the  border  of  the  right  nostril  (Fig.  4)  and 
a  definite  thickening  of  the  skin  before  autopsy  on  the  40th  day.  Calf 
185,  which  received  a  total  of  50  grams  of  Item  2  in  12  days,  develop¬ 
ed  a  pronounced  thickening  of  the  skin  (Figs.  9,  10)  and  erosions 
and  proliferations  of  the  tongue  by  the  time  of  autopsy  on  the  52nd 
day. 


One  calf  of  this  group  of  five  that  received  the  small  amounts  of 
Item  2  was  still  alive  on  the  52nd  day.  This  calf,  1481,  which  re¬ 
ceived  a  total  of  15  grams  in  7  days,  had'  a  continuous  profuse  lacrim¬ 
ation  that  began  on  the  12th  day  and  a  progressive  thickening  of  the 
skin  of  the  neck.  The  dental  pad  and  upper  lips  became  rough,  and 
the  gums  acquired  a  rough,  wart-like  appearance.  It  should  be  pointed 
out  that  each  calf  did  not  necessarily  show  all  the  symptoms  described, 
but  that  the  symptoms  reported  represent  the  changes  observed  in  the 
calves  as  a  group. 

The  six  calves  receiving  Item  2  that  have  been  sacrificed  pre¬ 
sented  the  same  picture  at  autopsy.  In  addition  to  the  changes  al¬ 
ready  noted,  gross  changes  'were  found  in  the  digestive  tract,  liver, 
gall  bladder,  and  urinary  tract.  Flat  ulcers  were  present  in  the  abom¬ 
asum  of  three  calves,  and  two  calves  had  several  areas  of  hemorrhages 
in  the  walls  of  the  small  intestines.  The  livers  of  four  calves  had  light- 
colored  areas  on  the  surface,  extending  into  the  parenchyma,  and  in 
calf  185  there  was  marked  proliferation  and  dilatation  of  the  bile  ducts 
and  fibrosis  of  one  lobe.  The  gall  bladder  was  distended  in  all  cases, 
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with  apparently  thickened  walls.  On  the  mucosa  of  four  gall  bladders 
were  found  numerous  nodules,  and  the  bile  ducts  of  calf  185  showed 
nodular  proliferations  of  the  lining.  In  one  calf  there  were  extensive 
hemorrhages  beneath  the  mucosa  of  the  common  bile  duct.  The  kid¬ 
neys  in  all  calves  were  slightly  enlarged  and  pale  in  color,  and  on 
section  the  cortex  was  found  to  be  markedly  striated. 

Examination  of  tissues  obtained  at  autopsy  revealed  histological 
changes  in  agreement  with  those  previously  reported  (Bell,  1952).  Cystic 
dilatation  of  the  tubules  in  the  kidney  cortex  (Fig.  6)  was  the  most 
pronounced  change  and  was  observed  in  all  cases.  Varying  degrees  of 
bile  duct  proliferation  (Fig.  7)  were  also  observed  in  most  liver  sections. 
Cystic  dilatation  of  the  glands  of  the  gall  bladder  (Fig.  8)  occurred  in 
some  instances,  and  a  proliferative  lesion  in  the  gall  bladder  was  present 
in  one  calf.  An  accumulation  of  keratinized  material  and  keratinization 
of  hair  follicles  was  not  pronounced  except  for  calves  1476  and  185.  The 
kidney  changes  were  uniform,  but  the  other  changes  were  not  necessarily 
observed  in  each  of  the  six  calves  examined. 

The  course  of  the  condition  produced  by  Item  2  was  rapid  and 
similar  to  that  produced  with  the  original  lubricant.  The  duration,  under 
the  conditions  of  study,  ranged  from  26  to  52  days  for  six  of  the 
seven  calves  receiving  Item  2.  One  other  calf,  which  received  15  grams, 
is  still  living  at  53  days.  This  calf,  1481,  received  the  smallest  amount 
of  Item  2,  which  may  account  for  its  survival  for  the  longer  period. 
This  suggests  the  use  of  larger  animals  or  smaller  amounts  of  the 
material  might  result  in  a  more  prolonged  and  chronic  syndrome.  No 
attempt  was  made  to  determine  the  minimum  amount  necessary  to  pro¬ 
duce  symptoms,  and  it  is  apparent  that  in  most  cases  an  amount  con¬ 
siderably  in  excess  of  that  needed  to  produce  symptoms  was  administer¬ 
ed.  Some  indication  of  minimum  amounts  may  be  gained  from  Calf  1481 
which  received  15  grams  of  Item  2  during  a  period  of  7  days  and  pre¬ 
sented  symptoms  on  the  12th  da}^.  This  quantity  contained  0.45  grams 
of  the  highly  chlorinated  naphthalene. 

In  no  instance  did  the  cessation  of  administration  of  Item  2  result 
in  improvement  of  the  condition  of  the  calves.  The  time  of  appearance 
of  the  first  symptoms,  subsequent  developments,  and  the  duration  of  the 
disease  produced  are  identical,  in  most  respects,  with  the  data  previously 
presented  (Bell,  1952)  and  are  in  general  agreement  with  the  results 
obtained  by  McEntee,  Hansel,  and  Olafson  (1951)  with  the  fraction 
of  a  processed  concentrate. 

The  two  calves  that  received  Item  3  (Mineral  Oil,  U.  S.  P.)  re¬ 
mained  normal  during  the  period  of  observation.  Calf  1471  received  435 
grams  in  55  days  and  was  observed  for  a  total  of  82  days.  The  amount 
of  Item  3  given  was  considerably  in  excess  of  the  amount  of  Item  2 
necessary  for  the  production  of  symptoms  and  lesions.  Calf  1473  was 
accidentally  killed  on  the  24th  day  after  having  received  230  grams 
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of  Item  3.  No  symptoms  had  been  observed,  and  no  lesions  similar  to 
those  observed  in  the  calves  given  Item  2  were  found.  It  appears  that 
the  Mineral  Oil,  U.  S.  P.,  used  as  the  vehicle  for  the  highly  chlorinated 
naphthalene,  was  harmless  and  that  the  effects  produced  by  Item  2 
were  not  related  to  the  vehicle. 

Although  it  has  been  shown  that  a  highly  chlorinated  naph¬ 
thalene,  which  was  used  as  an  additive  to  a  lubricant,  produced  the 
same  symptoms  and  lesions  as  the  lubricant  containing  the  compound, 
it  cannot  be  assumed  that  all  such  compounds  are  toxic.  At  the  present 
time  it  must  also  be  recognized  that  several  compounds  or  even  different 
groups  of  compounds  may  possibly  be  capable  of  producing  bovine 
hyperkeratosis.  All  petroleum  products  or  lubricants  do  not  necessarily 
contain  the  compounds  used  in  this  study,  and  it  should  not  be  assumed 
that  the  other  materials  found  capable  of  producing  hyperkeratosis  con¬ 
tain  it.  Until  identity  of  the  active  factor  or  factors  is  established  it  is 
wise  to  avoid  unnecessary  exposure  of  animals  to  products  of  a  petroleum 
nature. 

SUMMARY 

Symptoms  and  lesions  have  been  produced  in  calves,  by  the  admini¬ 
stration  of  a  highly  chlorinated  naphthalene,  that  were  identical  to 
those  produced  by  a  lubricant  containing  this  material.  Although  a 
prolonged  chronic  disease  was  not  produced  in  most  instances,  the 
symptoms  and  lesions  are  in  general  agreement  with  those  reported 
by  others  as  being  characteristic  of  bovine  hyperkeratosis.  Calves  receiv¬ 
ing  a  lubricant  that  did  not  contain  the  material  or  receiving  Mineral 
Oil,  U.  S.  P.,  which  was  used  as  a  vehicle,  remained  normal.  Approxi¬ 
mately  30  calves  in  the  parent  herd  during  the  period  of  observations, 
which  were  fed  the  same  ration  as  the  experimental  calves,  showed  no 
hyperkeratosis  or  dietary  deficiency. 
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Legend  for  Figures 

Fig.  1 — Calf  476.  Proliferation  of  dental  pad  on  34th  day.  Fig.  2 — 
Calf  476.  Proliferation  of  dental  pad  and  oral  mucosa  on  40th  day.  Fig. 
3 — Calf  476.  Section  of  proliferative  lesion  of  dental  pad.  Fig.  4 — Calf 
476.  Section  of  proliferative  lesion  in  right  nostril.  Fig.  5 — Calf  466, 
Section  of  proliferative  lesion  in  skin  below  right  nostril.  Fig.  6 — Calf 
476.  Section  of  kidney  showing  dilatation  of  tubules.  Fig.  7 — Calf  476. 
Section  of  liver  showing  bile  duct  proliferation.  Fig.  8 — Calf  460  Section 
of  gall  bladder  showing  dilatation  of  glands.  Fig.  9 — Calf  1S5.  General 
appearance  on  37tli  day.  Fig.  10 — Calf  185.  Hyperkeratosis  and  lacri- 
mation  at  50th  day. 
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DISSOCIATION  AND  DIFFUSION  OF 
ELECTROLYTES  FROM  CLAYS 
AS  DETERMINED  BY  THE 
DONNAN  MEMBRANE  EQUILIBRIUM 

John  D.  Pendleton 
Virginia  Polytechnic  Institute 

INTRODUCTION 

Attempts  at  the  evaluation  of  the  fertility  of  soils  and  of  the  soil 
solution  as  the  plant  root  environment  have  progressed  from  a  complete 
chemical  analysis,  which  for  the  most  part  has  proved  unfruitful,  through 
“availability”  studies  using  extractant  solutions  supposedly  simulating 
the  solvent  ability  of  plant  roots.  Clarification  of  the  adsorptive 
mechanism  of  soil  colloids  led  to  cation  and  anion  exchange  studies  in 
which  the  effect  of  the  degree  of  saturation  with  a  given  ion  on  its  ease 
of  replacement  was  sought.  The  work  of  Jenny  and  Ayers  (1939)  deals 
with  the  replacement  of  potassium  from  colloids  and  adsorption  of 
K  by  excised  barley  roots  at  varying  degrees  of  saturation  in  the  presence 
of  a  complementary  ion.  Release  of  potassium  from  clays  into  the 
solution  to  be  absorbed  by  barley  roots  decreased  with  degree  of  satura¬ 
tion.  Under  the  conditions  of  the  experiment  this  was  to  be  expected. 

Marshall  found  the  effect  of  the  complementary  ion  or  ions  on 
the  absorption  of  a  given  ion  by  bluegrass,  etc.  (1944)  was  not  always 
predictable  from  the  physico  chemical  properties  of  the  ion.  His  work 
shows  that  the  ratio  of  divalent  to  monovalent  exchangeable  ions  in¬ 
creases  with  later  cuttings  of  hay.  This  is  in  accord  with  tjie  greater 
activity  of  an  ion  such  as  potassium  compared  with  that  of  calcium  at 
comparable  degrees  of  saturation  and  the  consequent  faster  absorption 
of  potassium  to  depletion. 

Mehlich  and  Colwell  (1946)  investigated  the  effect  of  the  nature 
of  the  colloid  of  the  growth  medium  on  the  cation  content  of  crops. 
More  calcium  was  absorbed  by  cotton  and  soybeans  from  sand-clay 
mixtures  containing  kaolinite  than  from  those  containing  montmorillonite 
at  equal  calcium  levels  and  degree  of  saturation.  Gynophores  of 
peanuts  likewise  absorbed  more  Ca  from  a  growth  medium  containing 
kaolinite. 

According  to  Schachtschabel  (1940)  the  replacing  power  of  the 
H  ion  in  montmorillonite  is  less  thap  that  of  the  Ca  ion.  Thus  the 
replacing  powrer  of  the  ion  varies  with  the  kind  of  soil  colloid  since 
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the  replacing  power  of  the  H  ion  is  greater  than  that  of  calcium  in 
kaolinite.  The  H  ion  is  weakly  absorbed  in  a  strong  acidoid  and  strongly 
in  a  weaker  electrolyte. 

In  his  studies  of  ionic  equilibria  in  soil  solutions  Bray  (1942) 
postulated  that  by  limiting  the  amount  of  replacing  cations  added  in 
the  form  of  an  electrolyte  (HC1),  producing  no  secondary  reactions, 
free  exchange  competition  should  occur  between  the  cations  of  the  clay 
for  a  place  in  the  solution.  In  this  competition  the  relative  amounts 
of  exchangeable  cations  present  and  ease  of  replacement  should  play 
dominant  parts.  The  fraction  of  each  cation  thus  released  should  afford 
a  better  picture  of  the  nutrient  supplying  power  of  the  soil  for  the 
cation  than  would  the  total  amount  of  the  exchangeable  cation. 

The  relationship  between  the  replaceability  of  an  ion,  the  percentage 
saturation  of  the  colloid  with  the  ion,  and  the  complementary  ions,  were 
studied  by  Wiklander  (1946).  He  has  used  the  mass  action  law,  and 
the  activity  concept  in  his  theoretical  treatment.  An  important  prediction 
of  his  theory  is  the  increase  (where  a  colloid  is  saturated  with  two  ions 
of  the  same  valence)  of  exchange  of  the  ion  of  the  greater  activity 
coefficient  with  decreasing  saturation,  whereas  the  exchange  of  the  ion 
with  the  lesser  coefficient  will  decrease  with  decreasing  saturation.  In 
general,  replacement  of  an  ion  is  greater  the  greater  its  activity  coefficient 
compared  with  that  of  the  complementary  ions.  Where  a  monovalent 
and  a  divalent  ion  are  complementary  to  each  other  the  relative  displac¬ 
ing  power  of  the  divalent  cat?'u:  increases  on  dilution  cf  the  whole  system 
(valence  effect). 

The  physiological  absorption  of  nutrients  by  plants  must  be  evaluat¬ 
ed  in  determining  the  effect  of  the  foregoing  factors  on  the  nutrition  of 
plants.  Lundegardh  (1942)  believes  that  the  absorption  energy  of 
plants  for  nutrients  is  of  such  magnitude  as  to  outweigh  the  retarding 
power  of  different  soil  colloids.  The  work  of  Mehlich  and  Colwell 
appears  to  be  at  variance  with  this  opinion. 

To  get  a  more  complete  picture  of  soil  effects  the  activities  of  ions 
of  the  sod  solution  due  to  dissociation  from  colloids,  those  due  to  dif¬ 
fusible  electrolytes,  as  well  as  activities  of  ions  of  the  sap  within  the 
root  membrane  need  to  be  measured.  These  activities  should  be  obtained 
at  controlled  degrees  of  saturation  of  the  soil  colloid  with  the  essential 
cations. 

For  the  purpose  of  measuring  ionic  activities  a  considerable  number 
of  electrodes  of  somewhat  limited  specificity  has  been  developed.  In  the 
absence  of  interfering  ions,  and  within  certain  pH  ranges  and  concentra¬ 
tion  limits,  they  function  as  reversible  electrodes  (Marshall,  1942; 
Russell  et  al.,  1950;  Scott,  1949).  Of  these  specific  electrodes  the  glass 
electrode  (Dole,  1941)  one  of  several  specific  hydrogen  electrodes — for 
measuring  hydrogen  ion  activities  has  a  wide  range  of  application  and 
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can  be  used  with  a  satisfactory  amplifier  and  potentiometer  even  at 
quite  low  moisture  levels  of  soils. 

In  the  work  here  described  use  was  made  of  the  Donnan  membrane 
equilibrium  to  determine  the  cation  activities  and  diffusible  electrolytes 
of  clay  suspensions.  H-clays  were  saturated  to  different  degrees  with 
single  cations  and  with  mixtures.  Activities  of  Ca,  K,  Na,  and  H  were 
then  determined. 

Theoretical  Considerations 

The  determination  of  ion  activities  in  a  colloidal  suspension  by 
means  of  the  Donnan  membrane  equilibrium  depends  on  the  principle 
that  for  a  system  of  ions  undergoing  thermal  motion  each  ionic  species 
at  equilibrium  will  have  the  same  electrochemical  potential  throughout 
the  system.  Thus,  the  system  may  consist  of  a  clay  suspension  (the 
presence  of  some  free  electrolytes  being  permitted)  designated  as  phase 
(’)  separated  from  a  water  solution,  phase  (”),  by  a  membrane  which  is 
impermeable  to  the  colloidal  particles  but  which  allows  the  free  diffusion 
of  all  other  ions.  If  there  is  no  significant  movement  of  water  from  one 
phase  to  another  and  sufficient  time  is  allowed,  the  system  will  fulfill 
the  requirements  of  a  Donnan  equilibrium.  Although  the  clay  suspension 
is  not  an  ideal  solution  it  must  be  emphasized  that  the  suspension  of 
charged  clay  particles  is  the  same  in  principle  as  an  ionic  solution. 

Owing  to  the  facts  that  the  colloidal  particles  are  not  diffusible,  while 
associated  cations  are,  an  electrical  double  layer  exists  in  the  region  of 
the  boundary  between  the  phases.  An  electrical  field  thus  exists  perpen¬ 
dicularly  to  the  phase  boundary.  Electrical  work  is  required  to  carry 
a  unit  charge  across  this  double  layer,  and  a  potential  difference  thus 
exists  between  the  phases.  We  will  refer  to  this  potential  as  the  mem¬ 
brane  potential. 

Starting  with  the  thermodynamic  relationship 

dF  =  -  SdT  +  VdP  +  ZiVLjdrii 


where  F  is  the  free  energy  of  Lewis;  S  the  entropy;  T  the  absolute 
temperature;  V  the  partial  mold  volume  of  the  chemical  species  i;  P 
the  pressure;  ut  the  electrochemical  potential;  and  m  the  number  of 
moles  of  chemical  species  i,  we  may  derive  the  Donnan  equation. 

At  constant  temperature  and  pressure  the  conditions  for  equilibrium 
are  given  by 


dF  =  0  =  IjP-idn^ 

The  above  equation  states  that  the  electrochemical  potential  of 
ionic  species  i  in  phase  (’)  must  equal  that  of  i  in  phase  (”)  at  equili¬ 
brium. 
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The  electrochemical  potential  consists  of  a  chemical  component  u» 
and  an  electrical  component  ZiF ^  where  Zi  is  the  valence  of  species 
i,  F  is  the  Faraday,  and  if/  is  the  electrical  potential  of  the  phase  con¬ 
taining  species  i.  Or 

Vq  =  p-i  +  Zj,  F  Yor 

Therefore  since  ^  =  (^i  )  **  at  e(luilikrium,  ^en 

(iq)’  +  ZiF(Y)«  =  (i^)"  +  Z^F  (Y) "  or 


ZiF(Y"-'V»)  =  (iq)*  -  (vq)" 


But  /xi=/A°i+RTln  ai  where  /n  is  the  chemical  potential  of  i; 
fM°i  a  constant  depending  on  temperature  and  pressure;  a;  is  the  osmotic 
activity  of  species  i. 

Finally: 


-  4^  t 


RT 

ziF 


a! 

In 


\p"  —  if/'  is  the  membrane 


potential  and  will  be  designated  as  Em. 

It  will  be  noted  that  the  chemical  potential  ut  is  not  equal  at 
equilibrium  between  the  phases. 

Since  the  anions  Zi  is  negative  the  reciprocal  of  the  activity  ratio 
holds  for  all  anions  of  the  system  except  the  clay  particles. 

Therefore  for  all  diffusible  ions  the  Donnan  ratios  hold  as  follows: 


where  M  represents  cations  and  A  anions. 

In  the  absence  of  the  membrane  the  same  basic  principle  of  equal 
electrochemical  potential  for  a  given  ionic  species  throughout  the  system 
at  equilibrium  holds.  Gravity  or  other  restraining  forces  may  act  on  the 
relatively  large  colloidal  particles  to  prevent  their  homogeneous  distri¬ 
bution.  The  electric  forces  in  the  colloidal  surfaces  will  be  the  only 
restriction  on  the  free  diffusion  of  the  associated  cations. 

The  relationship  between  the  colloidal  particles  and  the  associated 
ions  can  be  seen  from  the  kinetic  point  of  view  as  follows :  The  suspend¬ 
ed  particles  may  be  regarded  as  great  ions  with  relatively  high  charges 
made  electrically  neutral  by  a  swarm  of  normal  sized  ions  of  opposite 
charge.  These  ions  possess  kinetic  energy  and  therefore  a  mathemati- 
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cal  description  of  the  swarm  is  given  by  the  Poisson-Boltzman  differ¬ 
ential  equation  (Verwey  et  al .,  1948).  This  relationship  shows  that 
the  concentration  of  ions  decreases  somewhat  logarithmically  from  the 
surface  of  the  colloidal  particles. 

In  determining  the  ion  activities  in  clay  suspensions  in  the  work 
here  described  the  well  recognized  concept  of  activity  coefficients,  or 
the  fractions  of  the  respective  ionic  species  active  was  used.  An  addition¬ 
al  feature  of  the  approach  is  the  attempt  to  separate  the  total  activity 
of  a  cation  in  the  suspension  into  the  fraction  due  to  dissociation  and 
the  fraction  due  to  diffusible  electrolytes.  Since  it  has  just  been  pointed 
out  that  the  kinetic  theory  indicates  the  concentration  of  cations  around 
the  clay  particles  decreases  logarithmically  from  the  particle  surfaces, 
the  treatment  used  must  necessarily  be  arbitrary.  It  is  believed,  however 
that  this  treatment  throws  considerable  light  on  the  nature  of  a  soil 
colloid  and  on  the  supplying  of  nutrients  to  plants  by  the  colloid. 
TECHNIQUES  AND  APPARATUS 

Experimental  Technique. — The  Donnan  equilibrium  was  obtained 
in  a  dialysis  cell  rotated  continuously  for  stirring.  The  phases  were 
aerated  to  bring  them  in  equilibrium  with  the  CO2  of  the  air  and  thus 
attempt  to  have  the  bicarbonate  as  the  principal  diffusible  anion.  The 
membrane  potential  was  measured  as  the  difference  between  the  electro¬ 
motive  potentials  of  two  saturated  potassium  chloride  calomel  electrodes, 
one  in  contact  with  each  phase.  Analysis  of  the  aqueous  phase  was  done 
with  the  flame  photometer.  With  the  concentration  of  a  cation  in  the 
aqueous  phase  known,  the  activity  coefficient  fM,  was  obtained  from  a 
graph  constructed  by  plotting  activity  coefficients  of  the  respective 
cations  against  the  log  of  ionic  strength  of  a  solution  containing  the 
cation.  Activities  were  then  calculated  (aw— Im  Cm) .  The  activities  of 
the  cation  in  the  clay  phase  were  calculated  from  the  equation 


Em  = 

m 


_  RT 


ZMF 


In 


aM 


Other  Calculations. — In  the  calculation  of  the  fraction  of  a  cation 
active  in  the  clay  suspensions  at  equilibrium  the  initial  concentration  of 
a  cation  (added  in  known  amounts  to  the  acid  clay)  is  corrected  for  the 
amount  lost  to  the  aqueous  phase  by  diffusion.  To  find  the  activity  in 
the  clay  suspensions  due  to  diffusible  cations  the  following  equations 
derived  from  Donnan  ratios  are  used: 


Y 


ifai2 


for  H,  Na  and  K  systems 
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Y 


for  Ca  systems 


Obviously  Y  equals  the  summation  of  all  anions  other  than  clay  in  the 
clajr  phase.  It  is  assumed  that  all  anions  are  monovalent  and  that 
fM=fA.  Equations  for  calculating  the  degree  of  dissociation  of  M  clays 
and  the  fraction  of  the  observed  cation  activity  that  is  due  to  diffusible 
electrolytes  are  shown  as  footnotes  to  the  respective  tables. 

Apparatus. — For  each  compartment  of  the  dialysis  cell  a  Pyrex 
glass  Petri  dish  top  1 52  mm.  in  diameter  and  approximately  1 1  mm. 
deep  was  used.  The  rims  of  these  dishes  were  ground  flat.  A  hole 
7mm.  in  diameter  was  drilled  in  the  rim  of  each  dish  perpendicularly 
to  its  axis.  The  holes  were  stoppered  with  rubber  stoppers  when  the 
cells  were  rotated  during  equilibration. 


Rubber  gaskets  to  fit  the  rims  with  approximately  ^4  inch  extending 
on  each  side  of  the  rims  were  cut  from  special  rubber  sheeting  low  in 
electrolytes.  The  rubber  sheeting  0.040  inches  in  thickness  was  obtained 
from  the  B.  F.  Goodrich  Co. 

The  cell  membrane  of  undried  regenerated  cellulose  films  (obtained 
through  the  courtesy  of  Dr.  C.  H.  Rosser,  Sylvania  Division,  American 
Viscose  Corporation,  Fredericksburg,  Va.)  was  placed  between  two  of 
the  rubber  gaskets  and  the  gaskets  and  membrane  between  two  of  the 
Petri  dish  tops.  When  clamped  together  by  bolting  together  masonite 
squares  6%  inches  on  a  side  and  *4  inch  thick  the  cell  was  completely 
assembled.  The  squares  were  bolted  through  holes  at  each  corner 
(See  Fig.  1).  In  order  to  distribute  the  pressure  uniformly  over  the 
glass  Petri  dish  top  surface  rubber  disks  (inner  tube  rubber)  were 
placed  between  the  dishes  and  the  masonite. 

For  stirring  during  the  equilibration  the  assembled  cells  were  clamp¬ 
ed  eight  at  a  time  between  a  series  of  nine  parallel  masonite  plates  in 
vertical  position.  (See  Fig.  2).  This  rotator  was  turned  by  a  ^  HP, 
1725  RPM  electric  motor  through  a  48  to  1  reduction  gear.  Belts  and 
pulleys  adjusted  the  rate  of  rotation  to  7%  RPM. 

All  cells  were  aerated  from  a  large  copper  tube  tapped  at  right 
tubes  of  capillary  sizes  which  were  inserted  through  the  holes  in  the  cell 
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Fig. 

CALOMEL  ELECTRODE 
LIQUID  JUNCTION  BRIDGE 
DIALYSIS  CELL 


A  Caiomei  Electrode 
B  Reservoir  of  Bridge 
C  Two  way  Stopcock 
D  Three  way  Stopcock 
E  Capillary  Tube 
F  Suction  Cup 
G  Capillary  Tube 
H  Cell  Membrane 
I  Holes  in  cell 

compartments 
J  Rubber  Gaskets 
K  Clay  Phase 
L  Aqueous  Phase 
M  Rubber  Cushions 
N  Masonite  Plates 
0  Machine  Screw(l  of  4) 
P  Nut  (3  of  4) 


angles  by  smaller  copper  tubes.  Rubber  tubes  connected  these  to  glass 
compartments  into  the  suspensions  and  solutions.  The  air  was  scrubbed 
through  a  10%  HaSCh  trap  and  three  traps  of  distilled  water.  Rate  of 
air  flow  was  controlled  with  screw  clamps  on  the  rubber  tubes. 

To  measure  the  membrane  potential,  Em?  the  difference  between 
the  electromotive  potentials  of  two  saturated  potassium  chloride  calomel 
electrodes  was  determined.  Salt  bridges  of  saturated  potassium  chloride 
were  used.  In  order  to  minimize  liquid  junction  potentials  between  the 
salt  bridges  and  the  phases  cylindrical  junctions  of  the  free-dif fusion 
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type  were  formed  by  means  of  a  three-way  stopcock  in  a  specially 
constructed  bridge.  One  bridge  is  shown  in  Fig.  1.  The  capillary 
tube,  G,  was  inserted  into  the  plnse  to  which  the  electrode  was  to  be 
connected.  The  phase  (clay  suspension  or  aqueous  solution)  was  then 
drawn  into  the  2  mm.  capillary  tube,  G,  connected  through  the  three-way 
stopcock,  D,  with  the  suction  cup,  F.  The  stopcock  plug  was  then 
turned  to  connect  the  reservoir,  B,  to  the  suction  cup,  F,  and  the  bore  of 
the  stopcock  plug  was  thoroughly  flushed  of  the  phase  with  saturated 
KC1.  A  second  stopcock,  C,  (only  two-way)  was  closed  when  the 
reservoir,  the  2  mm.  capillary  tubing  connecting  the  reservoir  with  the 
three-way  stopcock,  and  the  bore  of  the  three-way  stopcock  plug  were 
completely  filled  with  saturated  KC1,  and  no  air  bubbles  were  present. 
The  two-way  stopcock  plug  was  rotated  enough  so  that  sufficient 
saturated  KC1  was  between  the  plug  and  the  receptacle  to  conduct  a 
current  even  though  no  KC1  could  flow.  The  three-way  stopcock  plug 
was  then  turned  until  the  saturated  KC1  was  connected  to  the  phase, 
thus  making  a  sharp  junction.  In  the  same  way  a  saturated  potassium 
chloride  calomel  electrode  was  connected  to  the  other  phase. 

The  two  electrodes  were  then  connected  to  the  terminals  of  a 
Leeds  and  Northrup  thermionic  amplifier  which  was  used  in  conjunction 
with  a  student  potentiometer  and  a  Leeds  and  Northrup  2420  C  Galvano¬ 
meter.  The  electrodes  and  other  parts  of  the  circuit  external  to  the 
amplifier-potentiometer-galvanometer  system  were  shielded.  This  is 
essential  when  the  resistance  of  the  system  being  measured  exceeds  10 
megohms.  The  equipment  described  permits  measurements  of  potentials 
with  an  accuracy  of  0.2  millivolt. 

Analysis  of  the  Aqueous  Phase. — The  aqueous  phase  was  analyzed 
with  the  flame  photometer.  For  the  determination  of  calcium  by  this 
method  it  was  necessary  in  some  cases  to  concentrate  the  solution  prior 
to  atomizing  it  in  the  fl?me.  To  a  known  volume  of  the  aqueous  phase 
3  cc.  of  concentrated  HNOs  were  added  and  the  solution  was  evaporated 
to  dryness.  The  residue  was  taken  up  in  0.05  N  HNOs,  made  to  a  de¬ 
sired  volume,  and  allowed  to  stand  to  permit  dehydrated  silica  to  settle 
out. 

With  the  Perkins-Elmer  flame  photometer  sufficient  lithium  salt 
was  added  to  make  the  final  solution  40ppm.  of  lithium,  the  internal 
standard. 

To  solutions  analyzed  for  Na  sufficient  Ca  and  K  salts  were  added 
to  make  the  final  solution  0.004  M  with  respect  to  these  cations;  to 
solutions  analyzed  for  K  enough  Na  and  Ca  salts  were  added  to  make 
the  final  solution  0.004  M  with  respect  to  these  cations;  Ca  solutions  for 
analysis  were  made  0.004  M  with  respect  to  Al,  K,  and  Na. 

Standards  with  which  the  unknowns  were  compared  were  made  up 
to  contain  the  same  concentration  of  compensating  ions  as  the  unknowns. 
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Fig.  2 

ROTATOR  WITH  ONE  DIALYSIS 
CELL 

( Front  view) 


Masonite  Plates 


Prepartion  of  Clays. — A  3%  suspension  of  montmorillonite  <lu 
and  a  5%  suspension  of  Mardin  clay  <0.2u  (Mardin  soil  series)  were 
the  clays  investigated.  These  colloidal  fractions  were  separated  by 
sedimentation  or  by  sedimentation  and  centrifuging  through  a  Sharpies 
centrifuge.  After  preparation  of  the  H-clays  by  electrodialysis, 
potassium,  sodium,  and  calcium  clays  of  varying  degrees  of  saturation 
were  prepared  with  the  respective  hydroxides,  In  addition  clay  sus¬ 
pensions  containing  mixtures  of  cations  and  mixtures  of  the  chlorides  of 
sodium,  potassium,  and  calcium  were  studied. 

Procedure. — The  dialysis  cells  were  assembled  and  carefully 
tightened  until  watertight.  They  were  then  allowed  to  stand  filled 
with  distilled  water  for  two  days.  The  water  was  changed  approxi- 
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mately  eight  times  during  the  two  days  to  remove  any  electrolytes  in 
the  membranes.  The  cells  were  then  drained.  The  clay  suspension  was 
introduced  into  one  compartment  through  the  7  mm  hole  in  the  rim 
and  simultaneously  the  distilled  water  or  salt  solution  was  introduced 
into  the  other  compartment.  Equal  volumes  of  the  two  phases  were 
used.  The  phase  volumes  varied  from  100  cc.  to  190  cc. 

When  all  the  cells  were  filled  the  hole  in  each  compartment  was 
stoppered  and  the  cells  fixed  between  the  rotator  plates.  Rotation  was 
carried  on  for  the  desired  length  of  time.  If  the  equilibrating  systems 
called  for  aeration,  the  rotator  was  stopped,  the  stoppers  removed,  and 
air  at  a  controlled  rate  was  passed  through  for  an  hour  $nd  a  half.  The 
cells  were  rotated  for  12  hours  after  aeration  before  the  membrane 
potentials  were  measured.  A  total  period  of  equilibration  of  five  days 
was  allowed  prior  to  determining  the  membrane  potentials. 

As  soon  as  these  measurements  were  made,  the  contents  of  each 
compartment  were  removed  with  pipettes  and  the  respective  volumes 
determined.  The  aqueous  phase  was  stored  in  stoppered  125  cc.  Pyrex 
glass  Erlenmeyer  flasks  prior  to  analysis. 

EXPERIMENTAL  RESULTS 

Relations  Between  a*M,  a”M,  Em,  and  Diffusible  Electrolytes. — - 
In  Table  I  and  Fig.  3  are  shown  the  changes  of  the  membrane  potential 
with  time  for  K  and  H-  montmorillonite.  The  potential  at  the  start 
will  be  called  the  diffusion  potential,  and  the  potential  at  equilibrium 
the  membrane  potential,  E>n.  The  data  show  that  the  potential  drops  very 
rapidly  at  first,  but  after  96  hours  the  drop  in  potential  is  in  no  case 
greater  than  1.3  millivolts  per  24  hours.  Obviously,  from  Fig.  3,  a 
very  long  time  is  required  to  reach  the  point  at  which  no  further  change 
in  the  membrane  potential  and  a”M  occurs.  This  point  was  probably  not 
reached  after  two  weeks. 

It  is  seen  that  for  H-montmorillonite  pH’  is  constant  while  pH” 
and  Em  both  decrease  with  time.  For  K-montmorillonite  a’K  remains 
constant  and  a”K  increases  while  Em  decreases.  Since  pH’  remains 
constant  after  48  hours  and  a’K  after  72  hours,  the  time  of  equilibration 
after  which  the  membrane  potential  is  measured  and  the  aqueous  phase 
is  analyzed  is  not  critical.  a’M  can  be  correctly  determined  at  widely 
different  times  and  show  little  change. 
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TIME  IN  HOURS 


Table  I.  Change  in  Membrance  Potentials  and  Ionic  Activities 
with  Time. 


Membrane 

Time 

Potentials 

(millivolts) 

pHf 

pH” 

Cell  No. 

1  Cell  No.  2 

Cell  No.  1 

1 

hr. 

86.6 

85.6 

24 

firs. 

4  2:.  8 

43.6 

48 

hrs. 

3217 

34.2 

3.25  2.86 

72 

hr  s-. 

30.1 

30.1 

96 

hrs. 

2.8.6 

27.3 

3.25  3.70 

144 

hrs. 

2S.7 

26.0 

3.30  3.70 

336 

hrs. 

21.2 

21.0 

3.25  3.60 

1 

hr. 

Cell  No. 
87.1 

3  Cell  No.  4 
87.0' 

Ak 

A  IC 

Cell  No.  3 

24 

hrs. 

53.4 

52.3 

48 

hrs. 

48.8 

48.5 

72 

hrs. 

47.2 

47.1 

0.0052 

0.000S5 

96 

hrs. 

46,5 

44.7 

0.0053 

0.00091 

144 

hrs. 

45.2' 

44.0 

0.0052 

0. 00094 

336 

hrs. 

39.1 

37.7 
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The  gradual  but  steady  increase  of  a”u  in  all  instances  for  the 
montmorillonite  clays  and  for  Mardin  clays  other  than  those  containing 
Ca  is  significant  in  these  results.  The  extent  of  this  change  is  a  measure 
of  the  diffusible  electrolytes  in  the  respective  clays.  Although  part  of 
the  diffusible  electrolytes  are  due  to  hydrolysis  of  the  bases  on  the 
clays,,  data  for  the  H-montmorillonite  and  for  the  Mardin  clays  in 
general  indicate  that  components  of  the  clay  are  soluble.  In  certain 
instances  this  solution  continues  until  a5,M  exceeds  a’M  (Em  becomes  nega¬ 
tive).  This  is  seen  to  be  true  for  H-Mardin  clay  (Table  II)  where  the 
diffusion  potential  or  the  potential  at  the  beginning  of  the  equilibration 
changes  from  positive  to  a  negative  Em  (i.e.,  the  aqueous  phase  is  nega¬ 
tive)  at  equilibrium.  For  Mardin  clays  50%  Ca+50%  H  and 

100%  Ca  and  150%  Ca  the  diffusion  potentials  are  negative.  Em  is 
also  negative  but  of  smaller  magnitude  than  the  diffusion  potentials  for 
each  of  the  latter  two  clays.  Montmorillonite  clays  shows  a  negative 
membrane  potential  only  for  the  150%  Ca  system. 


Table  II.  Diffusion  Potentials  and  Membrane  Potentials  of  Clays  with 
Different  Cations  and  Degrees  of  Saturation 


Clay 

% 

Concen¬ 

tration 

Cation 

Ex¬ 

change 

Capa¬ 

city 

M.E./- 

lOOgm. 

Cation 
on  Clay 
and  % 
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Diffus¬ 

ion 
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tial 

initial 

milliv 
both  me? 
in  the  al 

of  mem 

Mem¬ 

brane 

Poten¬ 

tial 

final 

olts 

isured 

:>sence 

brane 

Mem¬ 

brane 

Potential 

final 

millivolts 
measured 
'  in  the 
presence 
of  mem¬ 
brane 

1 

Montmoril¬ 

3.0 

75 

100%  H 

86.6 

28.7 

28.7 

lonite  or 

Wyoming 

Bentonite 

<0.1u 

3.0 

75 

100%  K 

87.1 

45.2 

44.8 

fraction 

3.0 

75 

150%  Ca 

-2.4 

5.0 

70 

100%  H 

22.0 

OO 

Tt* 

1 

Mardin 

5.0 

70 

100%  Ca 

-46,0 

-7.9 

Clay 

<0.2u 

5.0 

70 

50%  Ca 

-29.8 

-11.8 

fraction 

5.0 

70 

100%  K 

27.5 

5.2 

..5.0 

70 

50%  K 

18.2 

10.2 
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Where  negative  values  of  either  diffusion  potentials  or  of  the 

membrane  potential,  Em,  are  obtained  the  dissociation  of  diffusible 
anions  of  the  clay  suspension  (e.g.,  dissociation  of  substances  such  as 
aluminum  and  iron  hydroxide  produced  by  the  decomposition  of  the 
unstable  acid  clay)  must  exceed  the  dissociation  of  cations  from  the  clay. 
A  net  positive  charge  on  the  clay  of  the  suspension  results.  The  Donnan 
membrane  principle  then  requires  a  greater  activity  of  cations  in  the 
aqueous  phase  and  a  greater  activity  of  anions  in  the  clay  phase  at 
equilibrium.  That  a”ca  exceeded  a’ca  and  a’ci  exceeded  a”ci  at  equili¬ 
brium  was  verified  respectively  with  clay  membrane  electrodes  sensitized 
to  Ca  and  silver  chloride  electrodes  for  chlorides.  It  follows  that  here 
the  greater  part  of  the  activities  of  cations  in  the  clay  phase  is  due  to 
diffusible  electrolytes. 

The  possibility  that  movement  of  organic  matter  (not  removed  from 
the  Mardin  clay)  was  responsible  for  the  negative  membrane  potential 
of  the  Ca  and  H  systems  was  considered;  however,  both  the  Na  and  K 
Mardin  systems,  where  peptization  and  mobility  of  the  organic  consti¬ 
tuents  were  noted  from  the  color  of  the  aqueous  phase,  had  positive 
membrane  potentials.  The  Ca  system,  where  organic  matter  should  be 
more  stable  and  less  mobile,  all  show  negative  membrane  potentials.  No 
organic  matter  is  present  in  the  montmorillonite,  yet  the  150%  Ca 
saturated  montmorillonite  has  a  negative  membrane  potential. 

Cation  Activities. — The  data  for  the  two  clays  are  given  in  Table 
III.  In  all  instances  with  the  single  metal  cations  the  activity  of  the 
cation  increases  with  increasing  degree  of  cation  saturation  of  the  clay. 
The  activities  were  found  to  be  approximately  the  same  for  K  and  Na 
at  50%,  100%  and  150%  cation  saturation  of  montmorillonite.  This 
was  also  true  for  Mardin  clay  but  in  all  instances  activities  of  Na  and  K 
were  greater  than  for  montmorillonite. 

For  montmorillonite,  the  hydrogen  ion  activity  of  the  hydrogen  clay 
is  almost  twice  the  calcium  ion  activity  of  the  calcium  clay.  For  the 
Mardin  clay,  the  calcium  ion  activity  of  the  calcium  saturated  clay  is 
approximately  five  times  as  great  as  the  hydrogen  activity  of  the  hy¬ 
drogen  clay. 

For  both  clays  the  activities  of  Na  and  K  in  50%,  100%,  and  150% 
base  saturated  clays  are  more  than  ten  times  as  great  as  the  calcium 
activities  of  comparable  calcium  systems. 

In  the  montmorillonite  clay,  50%  K+50%  Ca  saturated,  the  activity 
of  the  potassium  is  appreciably  increased  over  the  potassium  activity  of 
a  50%  K+50%  H  clay.  The  activity  of  Ca  in  the  50%  K+50%  Ca  clay 
is  increased  to  a  lesser  extent  over  the  activity  of  Ca  in  50%  Ca+50%  H 
clay. 

In  a  series  of  Mardin  clay  suspensions  a  (10%  Na+40%  K+50% 
Ca)- — saturated  clay  shows  a  sodium  activity  one-half  that  of  the  50% 
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Na+5'0%  H  system.  For  the  (40%  Na+10%  K+50%  Ca)  clay,  K 
activity  is  less  than  one-tenth  that  of  the  50%  K+50%  H  clay.  Thus 
under  comparable  conditions  in  clay  suspensions  with  Na,  Ca,  and  K  all 
present  Na  activity  is  much  greater  than  K  activity.  This  is  true  for 
all  degrees  of  saturation  used  for  the  mixed  cation  clays. 

At  50%  saturation,  the  calcium  activity  in  the  Mardin  clay  remains 
relatively  constant  with  variation  in  K  and  Na,  but  this  calcium  activity 
is  approximately  six  times  as  great  as  calcium  activity  in  the  50% 
Ca+50%  H  clay. 

In  summary  the  activities  of  Na  and  K  are  greater  for  the  Mardin 
clay  than  for  the  montmorillonite.  Activity  of  Ca  is  greater  for 

montmorillonite  except  for  the  100%  Ca  degree  of  saturation.  For  the 
100%  Ca  saturated  clays  Ca  activity  is  greater  for  the  Mardin  clay. 
H  activity  is  much  greater  for  H  montmorillonite  than  for  H  Mardin 
colloid. 

It  should  be  pointed  out  that  the  montmorillonite  suspension  con¬ 
tained  3.0%  clay  whereas  the  Mardin  clay  suspensions  contained  5.0% 

or  6.7%  clay. 

The  Mardin  potassium-saturated  clay  suspension  at  6.7%  con¬ 

centration  showed  a  slight  increase  in  activity  of  K  over  the  suspension 
containing  5%  clay. 

Fraction  of  Cation  Active. — Fractions  of  the  cation  active  or  the 
cation  activity  coefficient  in  the  clay  phase  are  given  in  Table  IV. 

In  general  it  is  seen  that  for  each  clay  suspension  in  which  only 
one  base  is  present  the  fraction  of  the  cation  active  is  of  similar  magni¬ 
tude  for  Na  and  K  ions  for  each  degree  of  saturation.  These  fractions 
active  increase  with  increasing  degree  of  base  saturation  of  the  clay. 

The  fraction  of  H  active  in  H-montmorillonite  is  somewhat  greater 
than  that  of  Ca  in  the  Ca-montmorillonite.  For  the  Mardin  clay  the 
fraction  active  of  Ca  in  the  Ca-clay  is  ten  times  as  great  as  the  fraction 
of  H  active  in  H-clay.  In  the  case  of  montmorillonite  the  fraction  of 
Ca  active  decreases  as  the  calcium  saturation  of  the  clay  increases  from 
50%  to  100%.  The  150%  Ca  saturated  clay  shows  a  marked  increase 
of  about  three-fold  in  fraction  of  Ca  active  (over  the  100%  degree  of 
Ca  saturation).  In  the  case  of  the  Mardin  clay  the  fraction  of  Ca 
active  increases  with  increasing  degree  of  saturation  although  the  highest 
fraction  active  is  only  0.03. 

When  the  montmorillonite  clay,  50%  Ca+50%  K  saturated,  is 
compared  with  the  clay  50%  Ca+50%  H  it  is  seen  that  the  calcium 
fraction  active  is  slightly  increased  by  substitution  of  K  for  H.  It  is  also 
seen  that  the  substitution  of  Ca  for  H  in  50%  K  clay  has  increased  the 
fraction  of  K  active  by  almost  fifty  per  cent. 

Mardin  clay,  with  the  degree  of  calcium  saturation  held  at  50% 
and  with  K  and  Na  together  making  up  the  other  50%  in  varying  ratios 
of  Na  to  K,  shows  a  remarkable  two-fold  increase  in  fraction  of  Na 
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active  over  that  in  a  50%  Na+50%  H  system.  The  fraction  of  Na 
active  is  fairly  constant  for  10%,  25%  and  40%  degree  of  Na  saturation 
in  the  mixed  cation  clays.  On  the  other  hand  in  these  mixed  cation  systems 
the  fraction  of  potassium  active  decreases  significantly  with  decreasing 
K  saturation.  With  the  system  40%  satura;ed  with  K,  however,  the 
fraction  of  K  active  is  of  similar  magnitude  to  that  of  the  50%  K, 
50%  H  system. 

The  fraction  of  calcium  active  in  the  Mardin  clay  containing 
Ca,  K,  and  Na  has  been  increased  approximately  seven-fold  by  the 
substitution  of  Na  and  K  for  the  50%  H.  The  variation  of  both  Na  and 
K  from  10%  to  40%  in  these  clays  containing  a  mixture  of  cations 
has  no  marked  effect  on  the  fraction  of  Ca  active. 

At  the  100%  saturation  levels  both  Na  and  K  Mardin  clays  show 
a  much  greater  fraction  active  than  do  Na  and  K  montmorillonites. 
This  was  also  true  of  sodium  in  the  Mardin  clay  at  50%  and  150% 
saturation  levels.  The  fraction  of  potassium  active  is  not  greatly  dif¬ 
ferent  for  the  two  clays  at  the  50%  and  150%  degrees  of  saturation. 

At  50%  and  150%  Ca  saturation,  the  fraction  of  Ca  active  is 
approximately  three  times  as  great  in  montmorillonite  clay  as  it  is  in 
the  Mardin  clay.  At  100%  saturation  the  fraction  of  Ca  active  is  prac¬ 
tically  identical  for  the  two  clays.  But  for  calcium  the  fraction  active 
for  both  clays  is  much  lower  than  that  of  Na  or  K. 

A  comparison  of  the  two  hydrogen-saturated  clays  shows  that 
the  fraction  active  for  hydrogen  is  more  than  ten  times  as  great  for 
montmorillonite  as  for  the  Mardin  colloid. 

Diffusible  Electrolytes  in  Clay  Suspensions . — Table  V  shows  the 
fraction  of  the  total  cation  activity  in  the  clay  suspension  that  is  due 
to  the  presence  of  soluble  or  diffusible  electrolytes  of  clays. 

It  can  be  seen  from  the  data  that  the  fraction  of  the  activity  of 
cations  in  the  clay  that  is  due  to  the  presence  of  diffusible  electrolytes 
decreases  for  the  three  clay  salts  in  the  following  order:  Ca  >  Na  >  K. 

For  systems  in  which  the  membrane  potentials  are  negative  the 
observed  cation  activity  in  the  clay  phase  may  be  due  primarily  to  dif¬ 
fusible  electrolytes  and  to  only  a  slight  extent  to  the  dissociation  of  the 
cation  from  the  clay. 

With  montmorillonite  the  diffusible  fraction  for  H  is  similar  in 
magnitude  to  that  for  Na. 

It  should  be  pointed  out  that  in  all  instances  except  that  of  150% 
Ca-montmorillonite  the  values  of  this  fraction  are  far  greater  for 
Mardin  clay  than  for  montmorillonite.  Hence  more  soluble  electrolytes 
exist  in  Mardin  clay  salts  than  in  montmorillonite  salts. 

The  diffusible  fraction  of  the  6.7%  K  saturated  Mardin  clay  is 
very  similar  to  that  of  the  5%  clay. 
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Table  V.  Fraction  of  Observed  Cation  Activity*  in  Clay  Suspen- 
sions  That  is  Due  to  (Soluble)  Diffusible  Electrolytes  at  Differ¬ 
ent  Degrees  of  Saturation. 


Clay 

%  Con¬ 
centra¬ 
tion 

Cation 

Exchange 

Capacity 

ME/lOOgms 

Cation 

on 

Clay 

Degree 

50% 

of  Saturation 

100%  150% 

Montmoril¬ 

3.0 

75 

Na 

0.054 

0.081 

0.208 

lonite  or 

3.0 

75 

K 

0.035 

0.036 

0.204 

Wyoming 

3.0 

75 

Ca 

0.323 

0.524 

Bentonite 

3.0 

75 

H 

0.079 

<lu 

Mardin 

5.0 

70 

Na 

0.598 

0.879 

0.883 

Clay 

5.0 

70 

K 

0.451 

0.666 

0.721 

5.0 

70 

Ca 

§ 

§ 

§ 

<0.2u 

H 

§ 

6.7 

70 

K 

0.641 

Y  Y 

*  —  for  monovalent  cations  and  —  for  Ca. 
a'M  2a'w 

§  According  to  the  explanation  suggested  here  diffusible  electrolytes 
account  for  the  greatest  part  of  the  total  observed  cation  activity. 

Cation  Dissociation  from  Clays. — In  Table  VI  are  presented  ap¬ 
proximations  of  the  degree  of  dissociation  of  the  cations  on  the  clays 
[i.  e.,  approximations  in  the  sense  of  an  arbitrary  boundary  of  disso¬ 
ciation  (Marshall,  1950;  Scott,  1949)].  This  degree  of  dissociation  is 
the  activity,  due  to  dissociation  of  the  cations,  adsorbed  on  the  clay, 
divided  by  the  final  concentration  of  the  cation  in  the  clay  suspension. 
The  activity  due  to  diffusible  electrolytes  has  been  subtracted  from  the 
total  cation  activity  of  the  clay  suspension  to  give  activity  solely  due 
to  dissociation.  The  activity  in  the  clay  suspension  due  to  diffusible 
cations  has  also  been  subtracted  from  the  calculated  final  concentra¬ 
tion  of  cation  on  the  clay. 

In  the  case  of  montmorillonite,  dissociation  of  Na  and  K  increases 
to  some  extent  with  the  increasing  degree  of  saturation  with  the  respec¬ 
tive  cation.  It  decreases  with  Ca  when  the  saturation  is  increased  from 
50%  to  100%.  At  150%  Ca  ion  saturation,  however,  the  membrane 

potential  is  negative;  hence  a  small  net  degree  of  dissociation  of  Ca 
from  Ca  clay  is  indicated. 

The  degree  of  dissociation  of  H-montmorillonite  while  still  small 
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is  more  than  twice  as  great  as  that  of  100%  saturated  Ca  clay. 

Na-Mardin  clay  shows  a  decreased  degree  of  dissociation  at  de¬ 
grees  of  sodium  saturation  greater  than  50%.  The  fraction  of  total  Na 
activity  of  the  clay  suspension  that  is  due  to  diffusible  electrolytes  in¬ 
creases  to  0.88  at  150%  sodium  saturation.  The  degree  of  dissociation 
of  K-Mardin  clay  increases  slightly  when  the  percentage  of  K  satura¬ 
tion  is  increased  from  50%  to  100%.  The  degree  of  dissociation  of 
K-Mardin  clay  is  the  same  at  100%  and  150%  K  saturation.  Increas¬ 
ing  the  concentration  of  the  Mardin  potassium  saturated  clay  from 
5.0  to  6.7%  slightly  decreased  the  degree  of  dissociation  of  the  potas¬ 
sium  cations. 

As  can  be  seen  in  Table  IV  the  fraction  of  Na  and  K  active 
for  the  Mardin  clay  are  in  general  greater  than  the  same  fractions 
active  for  montmorillonite.  The  degrees  of  dissociation  (Table  VI)  of 
Na  and  K  of  the  Mardin  clay,  however,  are  much  smaller  in  every- 
instance  than  are  the  same  degrees  of  dissociation  for  montmorillonite. 

Since  H-Mardin  clay  suspension  equilibrated  with  water  has  a 
negative  membrane  potential,  the  net  dissociation  of  H-Mardin  clay  is 
indicated  to  be  very  small.  H-montmorillonite  is  0.03  dissociated. 

Montmorillonite  shows  a  greater  degree  of  dissociation  of  cations 
in  all  instances  investigated  than  does  Mardin  clay. 


^©Con¬ 

Cation 

Cation 

Degree  of  Dissociation  of 

Clay 

centra¬ 

Exchange 

on 

Cations  at  the  following  de- 

tion 

Capacity 

Clay 

grees 

of  saturation. 

ME/lOOgms 

50% 

100% 

150% 

Montmoril¬ 

3.0 

75 

Na 

0.176 

0.264 

0.302 

lonite  or 

3.0 

75 

K 

0.247 

0.266 

0.354 

Wyoming 

3.0 

75 

Ca 

0.025 

0.015 

§ 

Bentonite 

3.0 

75 

H 

0.029 

Mardin 

5.0 

70 

Na 

0.108 

0.066 

0.078 

Clay 

5.0 

70 

K 

0.133 

0.158 

0.154 

5.0 

70 

Ca 

§ 

§ 

§ 

H 

§ 

6.7 

70 

K 

0.135 

*  Degree  of  for  H,Na,andK:  Z—aV— Y  ; 

dissociation^  Z  f  (M  clay)  f  =  (C'm)£  —  Y 

(M  clay)  f  \ 

J  for  Ca  7j—  a'M  —  Y  ; 

I  (M  clay)  i  =  (Cm)  ,-Y 


Note:  subscript  f  denotes  final  concentration 

§  According  to  the  explanation  suggested  in  this  work  these  net  values 
should  approach  zero. 
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In  the  equilibration  of  clay  suspensions  containing  more  than 
one  cation  the  diffusible  anions  in  the  clay  cannot  be  apportioned  to 
the  different  cations.  Therefore,  here  the  relative  degree  of  dissocia¬ 
tion  must  be  inferred  entirely  from  the  fraction  of  cation  active. 

Table  VI.  Degree  of  Dissociation  *  of  Cations  From  Two  Clays 
at  Different  Degrees  of  Saturation. 

DISCUSSION  OF  RESULTS 

Schofield  (1949)  has  advanced  the  opinion  that  the  buffering  ob' 
served  when  an  acid  clay  suspension  is  titrated  with  alkali  is  due  to 
the  aluminum  ions  liberated  during  the  preparation  of  the  acid  clay 
and  then  held  as  exchangeable  ions.  These  exchangeable  aluminum  ions 
react  with  the  hydroxyl  ions  of  the  alkali  used  in  the  titration  princi¬ 
pally  in  the  range  of  pH  between  4  and  5  and  are  precipitated  as 
aluminum  hydroxide.  Schofield  demonstrated  that  a  component  of  an 
acid  clay  suspension  consisting  mainly  of  hydrous  ferric  oxide  carried 
positive  charges  at  a  pH  of  3  but  not  at  pH  7. 

In  the  work  described  here  a  net  positive  charge  in  the  Mardin 
clay  suspension  was  observed  at  a  pH  of  6.2  and  7.4.  Assuming  that 
exchangeable  aluminum  was  precipitated  at  pH  6.2  and  also  7.4  and 
was  still  dissociated  (as  aluminum  hydroxide)  to  a  greater  extent  than 
either  the  exchangeable  aluminum  or  exchangeable  calcium  on  the  clay, 
then  a  net  negative  diffusion  potential  should  have  been  found.  Where 
the  clay  was  only  50%  Ca  saturated  a  greater  proportion  of  A1  and 
Ca  ions  in  exchangeable  form  should  reduce  the  net  negative  diffusion 
potential  (increase  it  positively).  These  relations  were  observed. 

Where  the  clay  was  either  acid  (electrodialyzed)  or  50%  and 
100%  saturated  with  K,  positive  diffusion  potentials  were  observed. 
For  the  acid  clay  the  dissociation  of  echangeable  aluminum  should 
produce  a  positive  diffusion  potential.  Likewise  the  greater  degree  of 
dissociation  of  the  K+Al  (clay)  and  of  the  K  clay  (as  compared  with 
the  dissociation  of  aluminum  hydroxide)  should  cause  a  net  positive 
diffusion  potential.  That  K  is  relatively  more  dissociated  from  clays 
than  Ca  is  indicated  by  the  known  greater  ease  of  displacement  from 
exchange  positions. 

The  reversal  of  sign  of  the  acid  clay  from  a  positive  diffusion 
potential  (Mattson  et  al.,  1940)  to  a  negative  equilibrium  or  membrane 
potential  indicates  the  passage  of  soluble  aluminum  in  perhaps  the 
form  of  the  hydroxide,  the  silicate,  and  the  humate  (Mardin  soil  clay) 
into  the  aqueous  phase.  If  the  hydrolysis  of  Al  and  its  diffusion  into 
the  aqueous  phase  resulted  in  a  greater  degree  of  dissociation  of  Al 
in  the  aqueous  phase  than  the  net  dissociation  of  replaceable  Al  in  the 
clay  phase  then  a  negative  membrane  potential  should  be  found.  These 
interpretations  are  in  accord  with  the  data. 

It  is  clear  that  montmorillonite  differs  in  these  specific  relations. 
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According  to  Schofield  this  clay  behaves  more  nearly  as  a  weak  acid 
than  do  the  ordinary  clays  of  soils.  This  is  borne  out  in  the  results 
of  this  paper. 

The  Donnan  technique  appears  to  afford  a  means  for  studying  the 
so-called  isoelectric  points  of  soils  (Mattson  et  al ,  1940). 

Degree  of  dissociation  and  hydrolysis  of  cations  from  clays  are  com¬ 
monly  considered  to  affect  directly  the  absorption  by  plants  of  the 
cations  in  question.  Previous  information  concerning  the  relative  dis¬ 
sociation  of  cations  on  different  clay  minerals  is  largely  based  on  the 
work  of  Marshall  and  co-workers  (Marshall,  1942).  As  has  been  point¬ 
ed  out  they  used  clay  membrane  electrodes  to  determine  total  cation 
activity  in  clay  suspensions.  Their  method  does  not  permit  the  resolu¬ 
tion  of  the  total  cation  activity  observed  in  a  clay  suspension  into  the 
fraction  due  to  dissociation  and  the  fraction  due  to  diffusion  of  elec¬ 
trolytes.  Furthermore,  since  the  electrodes  used  by  them  were  non¬ 
specific  in  a  clay  suspension  having  several  co-existing  cations,  the 
cation  activity  could  be  determined  only  for  clay  suspensions  with  one 
or  two  cations  present. 

Insofar  as  the  work  described  here  parallels  that  of  Marshall  et  al. 
(1950),  results  given  here  confirm  their  findings.  For  example,  it  was 
found  that  the  fraction  of  cation  active  was  much  greater  for  both 
Na  and  K  than  for  Ca  for  both  clays  studied.  Likewise  it  was  found 
that  the  fraction  of  H  active  was  very  much  greater  for  H-montmoril- 
lonite  than  for  PI-Mardin  clay.  The  greater  degree  of  dissociation  of 
H-montmorillonite  is  in  accord  with  Marshall’s  findings,  in  view  of  the 
following  order  established  by  him  for  the  decreasing  degree  of 
ionization  by  hydrogen  from  clays:  montmorillonite  >  beidellite> 
illite>  kaolinite  (Marshall,  1942).  It  may  be  observed  in  Table  IV 
that  for  Na  and  K  in  general  the  fraction  active  decreases  from  Mar- 
din  clay  to  montmorillonite.  Mardin  clay  is  believed  to  consist  of  a 
mixture  of  kaolinite  and  illite.  The  order  established  by  Marshall  for 
the  dissociation  of  Na-  and  K-elays  is  kaolinite >  montmorillonite > 
beidellite>>  illite.  Marshall  found  that  on  the  average  the  extent  of 
ionization  of  potassium  from  kaolinite  was  not  greatly  different  from 
that  from  montmorillonite.  This  is  likewise  noted  in  the  results  given 
here  when  degree  of  ionization  is  inferred  from  fractions  active  of  K 
in  the  clay  suspensions. 

With  this  technique  based  on  Donnan  equilibrium  used  in  this 
study  it  has  been  possible  to  get  information  not  previously  available. 
The  apportionment  of  the  observed  total  cation  activity  in  the  clay 
suspension  to  dissociation  and  the  presence  of  soluble  electrolytes  pre¬ 
sents  a  different  picture  of  the  relative  degree  of  dissociation  of  cations 
from  the  two  clays. 

Hitherto,  a  large  fraction  of  cation  active  has  been  interpreted 
to  indicate  a  large  degree  of  M-clay  dissociation.  It  now  appears  that 
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this  may  well  be  due  to  soluble  components  of  the  electrodialyzed  clay 
suspension.  In  the  light  of  the  work  by  Mehlich  and  Colwell  (1943) 
on  the  absorption  of  Ca  by  plants  from  media  containing  kaolinite  and 
montmorillonite,  the  greater  uptake  of  Ca  from  the  kaolinite  media 
would  be  due  to  the  greater  content  of  diffusible  electrolytes. 

A  logical  consequence  of  the  net  positive  charge  on  the  clay  is  the 
adsorption  of  phosphates  in  the  pH  range  of  6.2  to  greater  than  7.0. 
This  would  explain  the  known  phosphate  adsorption  in  this  middle  pH 
range.  In  the  case  of  the  Mardin  colloid,  phosphate  ions  would  be 
adsorbed  at  a  lower  pH  (or  lower  degree  of  Ca  saturation)  than  for 
montmorillonite,  since  the  net  cation  dissociation  from  Ca-Mardin  clay 
even  at  50%  saturation  (pH  6.25)  is  suppressed  to  such  an  extent 
that  the  membrane  potential  is  negative.  A  negative  membrance  poten¬ 
tial  for  montmorillonite  and  thus  a  net  positively  charged  clay  suspen¬ 
sion  was  observed  only  at  150%  Ca  saturation. 

Results  of  Schofield  (1949)  indicate  that  the  anion  exchange  capa¬ 
city  of  soil  clays  increases  with  acidity.  That  the  nature  of  the  anion 
effects  its  tightness  of  retention  by  clays  is  well  known.  Barbier  and 
Chabannes  (1948)  have  shown  that  maximum  absorption  of  anions 
occurs  after  flocculation.  This  indicates  that  the  double  layers  of  the 
positively  and  negatively  charged  colloidal  particles  must  be  compress¬ 
ed  so  that  there  is  no  interpenetration  of  the  layers  before  maximum 
anion  absorption  occurs.  Thus  anion  adsorption  is  greater  at  high  con¬ 
centration  of  electrolytes. 

In  the  case  of  both  montmorillonite  and  Mardin  clay,  the  fraction 
of  the  total  observed  cation  activity  due  to  the  presence  of  diffusible 
electrolytes  was  less  for  the  potassium  systems  than  for  the  compara¬ 
ble  calcium  systems.  Therefore,  it  should  follow  that  supplying  a  soil 
with  at  least  50%  Ca  should  increase  the  K  in  solution,  and  the  pres¬ 
ence  of  K  should  decrease  the  soluble  Ca  in  a  soil. 

Many  investigations  of  the  plant  root  environment  have  dealt 
with  either  soil  extracts  taken  with  different  moisture  percentages  or 
with  “soil  solutions”  separated  from  the  soil  by  displacement  or  by  a 
pressure  membrane  method.  It  had  been  thought  that  such  studies 
neglected  the  role  of  the  solid  phase  of  the  soil.  Thus  it  was  believed 
that  these  studies  provided  a  much  less  complete  picture  of  the  ionic 
environment  of  plants  in  humid  region  soils  than  they  did  of  this 
environment  of  plants  in  arid  region  soils.  It  appears  from  the  result 
of  the  work  described  here  that  the  soil  solution  is  of  major  import¬ 
ance  in  the  nutrition  of  plants  in  the  humid  region  soils. 

SUMMARY 

The  dissociation  and  diffusion  of  soluble  electrolytes  from  mont¬ 
morillonite  and  Mardin  clay  were  studied  by  means  of  the  Donnan 
membrane  equilibrium.  Diffusion  and  membrane  potentials  of  clay  sus- 
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pensions  were  determined.  An  interpretation  of  these  diffusion  and 
membrane  potentials  in  the  light  of  probable  components  of  the  clay 
suspensions  has  been  suggested.  Activities  of  cations  of  hydrogen  clays 
as  well  as  of  clays  that  had  been  50%,  100%,  and  150%  saturated 
with  Na,  K,  or  Ca  were  determined.  The  activities  of  cations  were  also 
determined  in  clay  suspensions  containing  K  and  Ca,  or  Na,  K,  and  Ca. 

Fractions  of  cations  active  were  calculated.  Activities  due  to  dif¬ 
fusible  electrolytes  and  degree  of  dissociation  of  M  clays  were  esti¬ 
mated  using  the  Donnan  activity  product  principle. 

Practical  consequences  of  the  results  are  suggested. 
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Size  Variations  and  Sexual  Dimorphisms  in  a 
Brood  of  Common  Garter  Snakes, 
Thamnophis  o.  ordinatus  (L.)1 2 3 * 

John  Thornton  Wood  and  Robert  Holden  Wilkinson 
University  of  Virginia  and  College  of  William  and  Mary 

No  systematic  study  of  the  scutellaticn  and  sexual  dimorphisms  of 
a  brood  of  Common  Garter  Snakes,  Thamnophis  o.  ordinatus  (L.)  has 
been  published,  though  Fisher  (1928)  investigated  these  matters  in 
the  Pacific  states’  subspecies,  Thamnophis  ordinatus  infernalis  (Blain- 
ville).  Pope  (1944)  reported  an  even  more  suprising  fact  in  pointing 
out  that  few  broods  had  even  been  accurately  measured. 

Total  lengths  of  new-born  specimens  have  been  reported  by  Conant 
(1938),  Pope  (1944),  Wood  (1945),  and  Mattlin  (1948),  but  the 
question  of  whether  there  is  any  difference  between  the  sexes  in  size 
at  time  of  birth  has  not  been  previously  investigated.  Reported  here  are 
the  measurements  and  scale-counts  of  48  from  a  brood  of  59  Thamnophis 
o.  ordinatus  born  July  30,  1950  of  a  female  collected  three  miles  north 
of  Hilton  Village,  Warwick  County,  Virginia  by  Philip  Hancock.  The 
1 1  specimens  not  included  in  this  study  died  shortly  after  birth,  failing 
to  emerge  from  their  embryonic  membrances. 

The  48  specimens  studied  consisted  of  26  males  and  22  females. 
Total  lengths  of  males  ranged  from  142.5  to  165.5  mm.,  averaging  153.6 
+5.8  mm.  G;  those  of  females,  from  134.0  to  157.0,  averaging  147.0+4.7 

mm.  At  time  of  birth  the  average  length  of  males  in  this  brood  exceed¬ 
ed  the  average  length  of  the  females  present.  The  head  and  body 
lengths  of  these  specimens  showed  far  less  difference  at  time  of  birth. 
Head  and  body  lengths  of  males  ranged  from  109.0  to  124.0  mm, 
averaging  116.9+4.3  mm.;  those  of  females  ranged  from  104.0  to 
121.5  mm.,  averaging  11 5. P+3-8  mm.  The  total  lengths  and 
head  and  body  lengths  (snout- vent  lengths)  of  these  specimens  are 
plotted  in  figure  1.  Note  that  males  and  females  occupy 
nearly  discrete  groupings,  indicating  that  a  sexual  dimorphism  other 
than  a  difference  in  average  total  lengths  is  present,  a  difference  in 


1.  Formerly  designated  Thamnophis  s.  sirtalis  (L.),  the  Common  Garter 
Snake  has  been  verified  as  ordinatus  by  Klauber  (1948).  By  the  rules  of 
priority  the  name  sirtalis  belongs  to  the  Ribbon  Snakes,  formerly  known  as 
Thamnophis  s.  sauritus  (L.). 

2.  Work  on  this  report  was  completed  when  the  senior  author  was  a  staff 
member  of  the  Virginia  Fisheries  Laboratory  and  the  Department  of  Biology  of 
the  College  of  William  and  Mary. 

3.  Standard  deviations  follow  the  averages  (means)  in  all  cases  where  the 

“plus  or  minus”  signs  are  used  in  this  report. 


SNOUT  TO  VENT  LENGTH  (mm.) 
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SUBCAUDALS  VENTRALS 

Figure  1. — Some  Sexual  Dimorphisms  in  a  Brood  of  Thamnophis 
o.  ordinatus  (L.)  from  Warwick  County,  Virginia.  (Above)  Total  lengths 
of  22  females  (circles)  and  28  males  (spots)  plotted  against  their  snout- 
vent  lengths.  (Below)  Subcaudal  and  ventral  scute  complements. 
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proportions  that  separates  males  from  females  regardless  of  length. 
This  difference  arises  from  the  presence  of  a  distinct  sexual  dimorphism 
in  tail  lengths,  of  the  magnitude  reported  by  Burt  (1927)  for  adult 
specimens.  The  sexual  differences  in  tail  length  are  present  throughout 
the  lives  of  these  snakes,  and  are  not  acquired  with  the  attainment  of 
maturity. 

Variations  in  scutellation  paralled  differences  in  proportion.  Like 
the  total  lengths,  the  ventral  scute  complements  occupied  overlapping 
ranges,  while  showing  distinct  differences  in  their  means.  Males  had 
from  138  to  150  ventrals,  averaging  145+2.9 ;  females  had  from  131  to 
144,  averaging  140+2.9.  Onlv  25  males  were  studied  for  this  count 
because  the  remaining  specimen  had  abnormal  (double-row)  ventral 
scutellation  in  some  areas.  This  incomplete  sexual  dimorphism  in 
ventral  complements  (figure  1,  lower  right)  is  distinctly  different  from 
the  complete  dimorphism  in  subcaudal  complements  (figure  1,  lower 
left).  The  subcaudal  complements,  paralleling  differences  in  tail 
lengths,  occupied  discrete  ranges.  Males  had  from  67  to  80  subcaudals, 
averaging  73+2.8;  females  had  from  55  to  66,  averaging  61+2.9. 

Cephalic  scutellation  was  studied  on  the  right  and  left  sides  of 
the  head  of  every  specimen.  No  sexual  dimorphism  connected  with 
cephalic  scutellation  was  detected.  Supralabials,  infralabials,  and 
oculars  were  quite  consistent  in  number,  usually  7,  10,  and  1-3  re¬ 
spectively.  Four  per  cent  of  the  specimens  had  8  supralabials  on  one 
side,  9  infralabials  on  one  side,  or  (in  9  per  cent  of  the  cases)  either  2 
or  4  postoculars.  Temporals  were  variable  in  arrangement  and  number: 
1-2-3  (50%);  1-2-2  (15%);  1-3  (13%);  1-2  (10%);  1-1-3  (4%); 

1-2-4  (4%);  1-3-2  (2%);  1-3-3  (2%).  Lack  of  bilateral  symmetry 
in  head  scutellation  was  common. 


DISCUSSION 

At  time  of  birth  the  mean  total  lengths  and  ventral  complements 
of  male  Thamnophis  o.  ordinatus  (L.)  exceed  those  of  females,  but 
extensively  overlapped  ranges  make  these  measurements  useless  in 
distinguishing  between  the  sexes.  In  this  series  of  specimens  subcaudal 
complements  and  tail  length  percentages  of  total  length  are  discrete 
sexual  dimorphisms. 

Differences  in  subcaudal  complements  of  the  Common  Garter  Snakes 
in  Virginia,  Maryland,  and  Ohio  were  neither  marked  nor  consistent, 
and  would  not  serve  to  distinguish  between  specimens  from  these  regions; 
in  this  regard  ventral  complements  are  of  more  interest,  as  follows: 
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VENTRAL  SCUTE  COMPLEMENTS 


MALES 

FEMALES 

VIRGINIA  . . 

(Coastal  plain)  . 

. .  138-150; 

. .  av.  145 

131-144; 
av.  140 

MARYLAND  . . 

(McCauley,  1945)  . 

. .  142-159; 

.  av.  149 

135-151 ; 
av.  143 

OHIO  . 

(Conant,  1939)  . 

. .  145-160; 

.  av.  154 

142-158; 
av.  1 49 

If  the  scutellation  of  Common  Garter  Snakes  of  the  Virginia  Coastal 
Plain  parallels  the  scale  counts  of  the  48  specimens  from  a  brood  from 
that  area  which  was  studied  in  this  report,  the  marked  differences  indi¬ 
cated  by  ventral  complements  may  serve  to  determine  the  presence  of 
distinct  races  in  these  areas. 
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The  River  Shrimp,  Macrobrachium  ohione 
(Smith),  in  Virginia' 


Horton  H.  Hobbs,  Jr.  and  William  H.  Massmann 
University  of  Virginia  and  Virginia  Fisheries  Laboratory 

The  “river  shrimp”  belonging  to  the  genus  Macrobrachium,  which 
range  in  length  from  34  to  more  than  230  mm.,  are  not  to  be  confused 
with  the  smaller  “glass  shrimp”  belonging  to  the  genus  Palaemonetes, 
at  least  one  species  of  which  is  a  common  form  in  the  waters  of  the 
Piedmont  and  Coastal  Plain  of  Virginia. 

HedgpetlT  has  recently  summarized  and  added  to  the  available  data 
on  the  ecological  and  geographic  distribution  of  the  four  species  of  the 
genus  Macrobrachium  found  in  the  United  States.  In  this  work  he  in¬ 
cludes  diagnoses,  figures,  and  a  key  to  the  species  occurring  north  of 
the  Rio  Grande  River. 

The  range  of  Macrobrachium  ohione  (Smith),  the  only  endemic 
member  of  the  genus  in  North  America,  and  the  most  widespread  form 
in  the  United  States,  was  previously  known  to  extend  from  Avoca,  Bertie 
County,  North  Carolina  (Albemarle  Sound)  to  Aransas  Bay,  Texas,  and 
northward  in  the  Mississippi  drainage  system  to  Illinois  and  Ohio. 

During  the  course  of  faunistic  studies  by  the  junior  author  in  the 
tidal  portions  of  the  streams  emptying  into  the  lower  Chesapeake,  a 
single  female  specimen  of  M.  ohione  was  collected  from  the  James  River 
at  Hopewell  on  April  16,  1952s.  The  specimen  was  taken  in  a  one 
meter  hoop  net  of  nylon  marquisette  (about  25  meshes  per  inch)  which 
was  anchored  on  the  bottom  in  15  feet  of  water  where  it  was  left  for 
about  80  minutes. 

In  more  than  2000  samples  (including  a  number  made  with  minnow 
seines)  taken  during  the  spring  months,  1949-1952,  from  brackish  water 
(salinity  five  parts  per  thousand)  to  the  head  of  the  tidewaters  in  the 
James,  Appomattox,  Chickahominy,  Pamunkey,  Mattaponi,  and  Rappa¬ 
hannock  rivers  this  is  the  only  specimen  of  Macrobrachium  taken.  Since 
it  is  known  that  this  species  invades  salt  water  it  is  possible  that  M. 
ohione  frequents  most  of  the  streams  flowing  into  the  Chesapeake  Bay. 

Although  M.  ohione  is  of  economic  importance  in  Louisiana  as  an 


1  Contribution  from  the  Virginia  Fisheries  Laboratory,  No.  40,  and  the 
Miller  School  of  Biology. 

2  Hedgpeth,  J.  W.  (1949)  The  North  American  Species  of  Macrobrachium 
(River  Shrimp).  Texas  Jour.  Sci.,  1  (3):  28-38,  5  figs. 

3  This  specimen  has  been  deposited  in  the  collection  of  the  United  States 
National  Museum. 
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item  of  food;  its  apparent  rarity  in  Virginia  waters  would  seem  to 
preclude  a  corresponding  value  placed  on  it  here.  Nonetheless;  it  should 
be  pointed  out  that  no  attempt  has  been  made  to  trap  this  shrimp  in  a 
manner  in  which  it  is  taken  in  numbers  elsewhere. 
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NEWS  AND  NOTES 

SECTION  NEWS 
Agricultural  Section 

Dr.  P.  H.  Massey  has  been  appointed  Associate  Professor  of 
Vegetable  Crops  in  the  Department  of  Horticulture  at  Virginia  Poly¬ 
technic  Institute.  Dr.  Massey  is  a  native  of  North  Carolina  where  he 
received  his  Bachelor’s  and  Master’s  degrees.  His  Ph.D.  work  was 
done  at  Cornell  University  where  he  received  the  degree  in  February 
1952. 

Mr.  George  Williams  has  been  appointed  Associate  Extension 
Specialist  in  Vegetable  Crops  at  Virginia  Polytechnic  Institute.  Mr. 
Williams  is  a  native  of  Texas  where  he  took  his  undergraduate  work. 
He  received  a  Master’s  degree  from  Virginia  Polytechnic  Institute  in 
June  1951  and  until  his  appointment  as  Extension  Vegetable  Specialist 
was  Assistant  County  agent  in  Roanoke  County,  Virginia. 

Dr.  Maynard  G.  Hale  has  been  appointed  Associate  Plant  Physiolo¬ 
gist  in  the  Department  of  Plant  Pathology  and  Physiology,  Virginia 
Polytechnic  Institute,  to  replace  Dr.  John  I.  Shafer  who  resigned  July  1, 
1951,  to  enter  private  business.  Dr.  Hale  received  the  B.  S.  Degree  in 
agriculture  in  1947,  M.  S.  in  1949,  and  Ph.D.  in  1951  at  the  Ohio 
State  University.  His  duties  which  began  on  September  1,  1951  are 
divided  between  teaching  elementary  and  advanced  plant  physiology  and 
doing  research.  Dr.  Hale’s  main  interests  are  general  plant  physiology, 
plant  growth,  and  the  physiology  of  disease  resistance. 

Denver  Bragg  has  completed  assembling  the  thesis  material  for 
his  M.  S.  degree  at  Virginia  Polytechnic  Institute  and  has  submitted  the 
summary  for  publication.  The  topic  of  his  work  is  “An  Attempt  to 
Determine  the  Cause  of  Curled  or  Deformed  Tongues  in  Young  Belts- 
ville  White  Turkeys.” 

Dr.  Daniel  L.  Hallock,  a  native  of  Wisconsin,  who  received  his 
doctorate  at  the  University  of  Wisconsin  in  Soils  will  join  the  staff  of 
the  Agronomy  Department,  Virginia  Polytechnic  Institute  about  June 
1,  1952,  for  the  purpose  of  doing  soil  research  work  at  the  Tidewater 
Field  Station  at  Holland,  Virginia. 

Some  recent  changes  in  the  Animal  Husbandry  Department  at 
Virginia  Polytechnic  Institute  are  K.  C.  Williamson,  former  Assistant 
County  Agent  in  Flalifax  and  Pittsylvania,  has  replaced  M.  L.  Dalton, 
Agricultural  Livestock  Marketing  Specialist  of  the  Animal  Husbandry 
Department.  Mr.  Hugh  E.  Henderson,  former  County  Agent  of  Clark 
County,  Virginia,  replaced  D.  E.  Brower,  4-H  Club  Specialist  of  the 
Animal  Husbandry  Department,  and  George  A.  Allen,  Jr.  former 
County  Agent  of  Grayson  County,  has  replaced  George  W.  Litton  as 
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Sheep  Specialist.  All  this  has  taken  place  since  January  1. 

Mr.  Dalton  and  Mr.  Brower  have  gone  to  work  for  private  concerns 
in  the  beef  cattle  business.  A  resignation  from  the  Animal  Husbandry 
Department  as  of  February  15  was  A.  T.  Lassiter,,  Jr.,,  Swine  Marketing 
Specialist.,  who  has  not  been  replaced  as  yet. 

Paul  W.  Stoneburner,  Assistant  Agricultural  Engineer,  Virginia 
Polytechnic  Institute  Agricultural  Experiment  Station  has  resigned, 
effective  May  31,  1952,  to  accept  a  position  with  a  commercial  concern 
in  Virginia  at  a  greatly  increased  compensation.  Mr.  Stoneburner  has 
working  on  a  cooperative  project  with  the  Engineering  Experiment  Sta¬ 
tion  on  “Nailed  Trussed  Rafters.”  He  is  co-author  with  Professor 
Stern  of  the  Wood  Research  Laboratory,  of  the  bulletin  entitled,  “Nailed 
Structural  Joints  Reinforced  With  Toothed-Ring  Fasteners.” 

H.  W.  Glover,  formerly  Assistant  Agricultural  Engineer,  Rural 
Housing,  Agricultural  Experiment  Station,  was  transferred  to  the  Agri¬ 
cultural  Extension  Division,  May  1.  He  will  have  charge  of  the  Farm 
Building  Plan  Service  of  the  Agricultural  Engineering  Department. 

Mr.  Mark  H.  Kirkpatrick,  Jr.,  Agricultural  Engineer,  SCS  Research, 
Agricultural  Engineering  Department,  Virginia  Polytechnic  Institute 
resigned  March  10,  1952,  to  join  the  Sales  Engineering  Staff  of  the 
International  Harvester  Company  at  Greensboro,  North  Carolina.  Mr. 
Kirkpatrick  was  engaged  in  agricultural  hydrologic  analyses  and  is  co¬ 
author  with  Mr.  H.  N.  Holtan  of  a  series  of  technical  papers  concerned 
with  the  development  of  new  methods  of  runoff  computation  through 
use  of  rainfall,  infiltration  and  hydraulics  of  flow  factors. 

— Wesley  P.  Judkins,  Virginia  Agricultural  Experiment  Station, 
Blacksburg. 

Biology  Section 

At  the  annual  meeting  of  the  Biology  Section,  May  16,  1952,  Mr. 
Robert  T.  Brumfield,  Professor  of  Biology,  Longwood  College  was 
elected  to  the  editorial  board  of  the  Virginia  Journal  of  Science.  Items 
for  publication  in  this  section  of  the  Journal  should  in  the  future  be  sent 
directly  to  him. 

A  New  Journal  in  Zoology —The  first  issue  of  a  quarterly  journal, 
Systematic  Zoology,  appeared  in  March.  In  this  and  future  numbers 
articles  of  general  interest  to  all  zoological  systematists  will  occupy 
most  of  the  space  in  the  journal;  however,  book  notices,  news  items, 
projects,  museum  activities,  and  lists  of  systematic  societies  will  be  in¬ 
cluded.  Occupying  a  hitherto  conspicuous  void  in  the  coverage  of 
zoological  fields  by  scientific  journals,  the  new  serial  has  three  pur¬ 
poses:  “(1)  to  publish,  and  therefore  to  encourage  the  preparation  of, 
contributions  on  basic  aspects  of  all  fields  of  systematic  principles  and 
problems:  (2)  to  provide  a  suitable  forum  for  discussion  of  the  problems 
of  the  systematist  and  his  methods;  and  (3)  to  report  the  other  activi- 
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ties  of  the  Society  of  Systematic  Zoology  as  news.”  Correspondence 
regarding  subscriptions  and  membership  should  be  addressed  to  the 
secretary  of  the  Society,  Dr.  R.  E.  Blackwelder,  Room  429,  United 
States  National  Museum,  Washington  25,  D.  C. 

— Ladley  Husted,  University  of  Virginia. 

Chemistry  Section 

A  seminar  on  “The  Conduct  of  Research  and  Development,”  held 
by  the  Virginia-Carolina  Chemical  Corporation,  in  Richmond,  on  April 
25,  was  attended  by  about  one  hundred  members  of  the  Corporation  and 
about  fifty  guests  from  the  Virginia  Section  of  the  American  Chemical 
Society.  Following  divisional  meetings  in  the  morning,  a  panel  of 
speakers,  with  Dr.  S.  S.  Negus,  of  the  Medical  College  of  Virginia,  as 
moderator,  included  Dr.  Allan  T.  Gwathmey,  Research  Professor  at  the 
University  of  Virginia  and  President  of  the  Virginia  Institute  of  Scien¬ 
tific  Research,  “Fundamental  Research,  Our  Seedbed”;  Dr.  Lauren 
B.  Hitchcock-.  President  of  National  Dairy  Research  Laboratories, 
Oakdale,  Long  Island,  “Applied  Research  and  Development”;  Dr. 
Milton  Harris,  President  of  Plarris  Research  Laboratories,  Washington, 
D.  C.,  “Research  and  Development — Who,  When,  Where,  and  How”; 
and  Dr.  John  Weiss,  Chemical  Engineer,  New  City,  “Evaluation  of  Re¬ 
search  and  Development  Projects”.  In  the  evening,  a  joint  meeting  of 
the  Corporation  and  the  Virginia  Section  was  addressed  by  former 
governor  of  the  Commonwealth,  Hon.  Colgate  W.  Darden,  now  Presi¬ 
dent  of  the  University  of  Virginia,  on  “Scientific  Research  and  Our 
American  Way  of  Life.” 

The  designation  “James  Lewis  Howe  Awards”  was  chosen  by  the 
Blue  Ridge  Section,  A.  C.  S.,  for  the  gifts  of  student  affiliatesliip  to 
one  student  from  each  of  the  ten  schools  in  their  territory  that  offer  the 
bachelor’s  degree  with  a  major  in  chemistry  or  in  chemical  engineering. 

The  Research  Corporation  has  awarded  $3200  to  Dr.  Thomas  C. 
Franklin,  Assistant  Professor  of  Physical  Chemistry  at  the  University 
of  Richmond,  for  the  study  of  adsorption  on  the  hydrogen  electrode. 
Mr.  Ray  B.  Southern,  graduate  student  in  chemistry,  will  assist  with 
the  project. 

Publications  from  the  University  of  Richmond:  “Tris- (hydroxy¬ 
methyl) -aminomethane  Derivatives.  II.  Alkylation  Products,”  J. 
Stanton  Pierce  and  John  Wotiz,  Journal  of  the  American  Chemical 
Society,  73,  2594  (1951);  “III.  Oxamides,  Ureas,  Oxazolidines  and  1- 
Aza-3,  7-dioxabic.yclo  (3.3.0)  octanes/’  J.  Stanton  Pierce,  Carl  D. 
Lunsford,  R.  W.  Raiford,  Jr.,  J.  L.  Rush,  and  Douglas  W.  Wiley,  ibid., 
73,  2595  (1951);  “IV.  Substituted  4-Hydroxvmethyloxazolidines ;  Ester 
and  Amide  Interchange,”  J.  Stanton  Pierce  and  Carl  D.  Lunsford, 
ibid.,  73,  2596  (1951).  “2-Methyl-2-monoalkylaminopropyl  and 

Dialkvlaminoethyl  Aryloxyacetates,”  J.  Stanton  Pierce,  William  K. 
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Easley  and  H.  H.  Hannabas,  Jr.,  ibid.,  73,  4046  (1951). 

Dr.  Harvey  B.  Haag,  Professor  of  Pharmacology  at  the  Medical 
College  of  Virginia,  was  selected  as  President-Elect  of  the  American 
Society  for  Pharmacology  and  Experimental  Therapeutics  at  its  forty- 
second  meeting  held  in  New  York  City.  Doctor  Haag  was  secretary  of 
this  organization  from  1947  to  1951.  Only  once  before  has  its  presi¬ 
dency  been  held  by  a  scientist  from  a  southern  institution. 

Dr.  John  Baxter,  of  Washington  and  Lee  University,  will  spend 
his  second  summer  at  the  Oak  Ridge  National  Laboratories. 

Miss  Jane  Maxwell,  of  Sweetbrier  College,  has  been  awarded  a 
fellowship  for  study  this  summer  at  Emory  University. 

Ten  members  of  the  Student  Affiliate  Chapter,  A.  C.  S.,  of  the 
Virginia  Military  Institute  attended  the  national  meeting  of  the  Society 
in  Milwaukee,  Wisconsin,  in  April.  They  were  Cadets  Braswell,  Cox, 
Crosswhite,  Gottwald,  Kallelis,  Kulme,  Mitchell.  Radowski,  Shorter, 
and  Trigg.  — William  E.  Trout,,  University  of  Richmond 

Engineering  Section 

At  the  Second  Midwestern  Conference  on  Fluid  Mechanics  at  Ohio 
State  University,  Columbus,  Ohio,  March  17-19,  1952,  two  papers  were 
presented  by  members  of  the  Engineering  Section: 

“A  New  Expression  for  the  Pressure  Coefficient  for  Two-Dimen¬ 
sional  Supersonic  Flow”  by  R.  W.  Truitt,  Virginia  Polytechnic  Institute, 
Blacksburg,  Virginia,  and 

“Slamming  of  Ships”  by  V.  G.  Szebehelv,  David  Taylor  Model 
Basin,  Navy  Department,  Washington,  D.  C. 

— N.  F.  Murphy,  Virginia  Polytechnic  Institute. 

Section  of  Science  Teachers 
Johnson  Addresses  First  Conference 
For  Teachers  Of  Science 

On  April  25,  the  University  of  Virginia  held  its  first  Conference 
for  Teachers  of  Science.  Dr.  Phillip  G.  Johnson,  Science  Specialist, 
U.  S.  Office  of  Education,  was  the  featured  speaker.  Dr.  Johnson  spoke 
on  “Emphasizing  Scientific  Methods  in  Science  Teaching.”  Teachers 
from  secondary  schools,  private  schools,  and  colleges  throughout  Virginia 
attended  this  Conference. 

Following  the  address,  discussion  groups  were  held.  Dr.  Ladley 
Husted,  Professor  of  Biology,  University  of  Virginia,  served  as  leader 
for  the  group  interested  in  teaching  of  the  biological  sciences.  The  group 
interested  in  the  teaching  of  the  physical  sciences  was  led  by  Dr.  James 
Cole,  Professor  of  Chemistry,  University  of  Virginia.  Mr.  F.  G.  Kizer, 
President  of  the  Science  Section  of  the  Virginia  Education  Association, 
led  the  discussion  on  the  teaching  of  general  science. 

The  afternoon  was  devoted  to  departmental  visitation.  At  this 
time  members  of  the  Conference  had  the  opportunity  of  visiting  the 
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Biology,  Chemistry,  Physics,  and  Engineering  Departments  of  the  Uni¬ 
versity  of  Virginia.  During  these  visits  teachers  had  the  opportunity  to 
observe  student  projects  and  laboratory  demonstrations  and  conferred 
with  members  of  the  faculties  concerning  specific  problems  of  interest. 

This  conference  was  the  first  of  an  annual  series  of  conferences  for 
teachers  of  science.  The  second  will  be  held  in  the  Spring  of  1953  at 
the  University  of  Virginia.  — L.  W.  Jarman,  Richmond ,  Virginia. 

Statistics  Section 

R.  A.  Bradley  and  M.  E.  Terry  of  the  Department  of  Statistics  and 
Statistical  Laboratory,  Virginia  Polytechnic  Institute,  placed  second  in 
the  competition  for  the  J.  Shelton  Horsley  Research  Award  sponsored 
by  the  Virginia  Academy  of  Science.  The  joint  papers  presented  in 
this  competition  are  entitled  “Rank  Analysis  of  Incomplete  Block 
Designs — The  Method  of  Paired  Comparisons”  and  “New  Designs  and 
Techniques  in  Organoleptic  Testing.”  This  research  is  part  of  a  current 
project  sponsored  by  the  United  States  Department  of  Agriculture. 

Boyd  Harshbarger  will  serve  as  Chairman  of  the  session  on  Experi¬ 
mental  Design  at  the  Gordon  Research  Conference  on  Statistics  in 
Chemistry  on  July  29  at  New  Hampton,  New  Hampshire. 

Boyd  Harshbarger,  R.  A.  Bradley,  D.  B.  Duncan,  M.  E.  Terry, 
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and  T.  S.  Russell,  of  the  Department  of  Statistics  and  Statistical 
Laboratory,  Virginia  Polytechnic  Institute,  attended  the  meetings  of 
the  Blue  Ridge  Conference  at  Blue  Ridge,  North  Carolina,  during  June 
and  July.  Drs.  Bradley  and  Terry  presented  an  invited  address.  Dr. 
Harshbarger  led  a  discussion  on  research  in  statistics. 

— M.  E.  Terry,  Virginia  Polytechnic  Institute . 


The  Annual  Subscription  rate  is  $3.00,  and  the  cost  of  a  single 
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preliminary  notes  have  been  published  on  the  subject  which  is  submitted  to  the 
editors,  a  statement  to  that  effect  must  accompany  the  manuscript. 
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and  be  held  to  a  minimum.  It  is  desirable  that  a  brief  summary  be  included 
in  all  manuscripts. 

Footnotes  should  be  included  in  the  body  of  the  manuscript  immediately 
following  the  reference,  and  set  off  by  a  dashed-line  above  and  below  the  foot¬ 
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to  the  end  of  the  manuscript. 

Bibliographies  (literature  Cited,  References,  etc.)  should  be  arranged  al¬ 
phabetically  according  to  author.  Each  reference  should  include  the  date,  full 
title  of  the  article,  the  name  of  the  Journal,  the  volume,  number  (optional), 
pages,  tables  and  figures  (if  any).  For  example:  “Sniffen,  Ernest  W.  1940, 
Cobbles  from  the  Pleistocene  Terraces  of  the  Lower  York-James  Peninsula.  Va. 
Journ.  Sci.,  1  (8):  285-2S8,  1  fig.  1  tab.  Reference  to  the  bibliographic  citations 
should  not  be  made  by  numbers.  Instead,  using  the  above  citation,  where  a 
reference  is  desired:  either  “Sniffen  (1940)”,  “Sniffen,  1940:  186)”,  or  “Sniffen 
(1940)  states  that.  .  .  .  .” 

Explanations  of  figures,  Graphs,  etc.,  should  be  typed  on  separate  pages. 
All  figures  should  be  numbered  consecutively  beginning  with  the  first  text  fig¬ 
ure  and  continuing  through  the  plates.  If  figures  are  to  be  inserted  in  the  text 
this  should  be  clearly  indicated  by  writing  “Figure  — ”  at  the  appropriate 
place  in  the  margin. 

Illustrations,  including  lettering,  should  be  arranged  so  that  on  reduction 
they  will  not  exceed  the  dimensions  of  the  maximum  size  of  a  printed  page, 
4  1  /2”  x  6  1  /2”,  and  so  that  they  are  well  balanced  on  the  page.  The  Journal 
will  furnish  the  author  with  one  plate  (halftone  or  line  reproduction)  or  its 
equivalent;  additional  figures,  colored  illustrations  or  lithographs  may  be  used 
only  if  the  author  makes  a  grant  covering  the  cost  of  production.  Original 
drawings  (which  must  be  done  in  black  drawing  ink),  not  photographs  of 
drawings,  should  accompany  the  manuscript.  Photographs  should  not  be  used 
if  a  line  and  dot  (strippled)  drawing  will  suffice.  If  photographic  prints  are  to 
be  used  they  should  be  glossy,  sharp  and  show  good  contrast.  Drawings  not 
neatly  executed  and  labeled  (do  not  use  a  typewriter),  or  which  are  submitted 
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ACADEMY  COMMITTEES  APPOINTED  BY 
PRESIDENT  BIRD  FOR  1951-1952 
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Cecile  B.  Finley 
George  W.  Jeffers 
C.  T.  O’Neill 
L.  E.  Ward,  Jr. 


Byron  N.  Cooper 
Allan  T.  Gwathmey 
Ivey  F.  Lewis 
Robert  F.  Smart 
H.  N.  Young 


Cecil  F.  de  Le  Barre 

H.  Rupert  Hanmer 
Sidney  S.  Negus 
Lorin  A.  Thompson 

I.  D.  Wilson 


President’s  Advisory  Committee 
(. Elected  by  Sections ) 

Officers  of  All  Sections  for  1951-1952 

Agricultural  Sciences:  T.  J.  Nugent,  Chairman;  H.  Marshall  Clark, 
Vice-Chairman;  R.  C.  Berry,  Secretary;  Wesley  P.  Judkins,  Section 
Editor  (195G) 

Astronomy,  Mathematics  and  Physics:  S.  M.  Heflin,  Chairman;  L.  W. 
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A.  L.  Wingo  Percy  H.  Warren  R.  E.  Reid 
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B.  F.  D.  Runk  R.  W.  Dickey 

Resolutions 

Ruskin  Freer,  Chairman 
Lynchburg  College,  Lynchburg 
Ivey  F.  Lewis  E.  S.  Harlow 

Place  of  Meeting 

I.  G.  Foster,  Chairman 
612  N.  Main  Street,  Lexington 
Bruce  Reynolds  Lynn  D.  Abbott 

State  Science  Museum 

George  W.  Jeffers,  Chairman 
Longwood  College,  Farmville 

Local  Arrangements 

S.  M.  Heflin,  Chairman 
508  Highland  Rd.,  Lexington 

Marcellus  H.  Stow  Robert  P.  Carroll  I.  G.  Foster 

R.  C.  Weaver 

Science  Teaching  in  Secondary  Schools 

F.  G.  Lankford,  Chairman 
Peabody  Hall,  University 

Paul  H.  Cale  John  B.  Chase  James  W.  Cole 

Byron  N.  Cooper  William  M.  Hinton  George  W.  Jeffers 

F.  D.  Kizer  Robert  O.  Nelson  Percy  H.  Warren 

Virginia  Journal  of  Science 
(. Elected  by  Council ) 

Boyd  Harshbarger,  Editor-in-Chief 
Virginia  Polytechnic  Institute,  Blacksburg 
Horton  H.  Hobbs,  Jr.,  Technical  Editor 
Mary  E.  Humphreys,  Assistant  Technical  Editor 
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L.  W.  Jarman  .  Science  Teachers 
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JEFFERSON  MEDAL  WINNERS 

Recipients  of  The  Jefferson  Gold  Medal1 

Alfred  Chanutin  .  1936 

William  B.  Porter  . 1937 

H.  M.  Phillips  . . . . .  1938 

G.  M.  Shear  and  H.  D.  Ussery  . . .  1939 

Recipients  of  The  Jefferson  Prize2 

L.  G.  Overholzer  and  John  H.  Yoe  . . .  1940 

Allan  T.  Gwathmev  . 1941 

R.  N.  Jefferson  . 1942 

W.  H.  Hough  . 1943 

Clinton  B.  Cosby .  1944 

RECIPIENTS  OF  J.  SHELTON  HORSLEY 
RESEARCH  AWARDS 

Carl  C.  Speidel  . 1927 

John  H.  Yoe  . 1928 

J.  C.  Street  .  1929 

H.  E.  Jordan 

Carl  C.  Speidel  . 1930 

E.  C.  Stevenson  . 1931 

James  H.  Smith  .  1932 

S.  A.  Wingard  . 1933 

E„  P.  Johnson  . 1934 

Margaret  Hess  . y .  1935 

Alfred  Chanutin  .  1936 

R.  G.  Henderson  .  1937 

S.  G.  Bedell  . 1938 

M.  J.  Murray 

F.  F.  Cleveland  .  1939 

Walton  C.  Gregory  .  1940 

Charles  Ray  .  1941 

No  Award  . 1942 


1  The  winning'  papers  in  this  competition  were  entered  against  those  of  the 
North  Carolina,  South  Carolina.  Georgia  and  Florida  Academies  of  Science.  It 
was  discontinued  in  1940. 

2  The  winning  authors  had  the  choice  of  the  Jefferson  Prize  or  the  Academy- 
Prize  during  this  period.  The  name  of  the  Academy  Prize  was  changed  to  the 
J.  Shelton  Horsley  Award;  and  the  Jefferson  Prize  discontinued  in  1944. 
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J.  B.  Meyer  . 1943 

J.  H.  Taylor  . . .  1944 

No  Award  . 1945 

Boyd  Harshbarger 

D.  B.  DeLury  (separate  papers)  .  1946 

No  Award  . 1947 

Henry  Leidiieiser,  Jr . 1948 

Walter  S.  Floyd,  Jr .  1949 

Erling  S.  Hegre  .  1950 

David  B.  Duncan  .  1951 

D.  R.  H.  Gourley  .  1952 


232 


The  Virginia  Journal  of  Science  [September 

General  Program  of  The 
Thirtieth  Annual  Meeting 
1952 

HOTEL  CHAMBERLIN— OLD  POINT  COMFORT 
WEDNESDAY,  MAY  14 

3:00  P.  M.  to  9:00  P.  M. — Registration  for  Junior  Academy  Members, 
participants  in  the  Science  Talent  Search,  Academy 
members  and  Guests,  Hotel  Lobby. 

Setting  up  Exhibits,  Sun  Porch. 

7 :30  P.  M. — Astronomical  Show,  Monroe  Room. 

THURSDAY,  MAY  15 

8:00  A.  M.  to  10:00  A.  M. — Registration  for  Academy  Members 
(Junior  and  Senior)  and  Guests,  Hotel  Lobbj7. 

Setting  up  Exhibits,  Sun  Porch. 

10:30  A.  M. — Participants  in  the  Science  Talent  Search  and  Science 
Club  Exhibitors  meet  with  John  E.  Hocutt  and  Grover 
W.  Everett,  Monroe  Room. 

11:00  A.  M.  to  3:00  P.  M. — Interviews  with  participants  in  the 
Science  Talent  Search,  Monroe  Room,  John  Smith  Room, 
Chesapeake  Room  and  Parlor  A. 

1:00  P.  M.  to  2:30  P.  M. — Judging  of  Science  Exhibit  Contests,  Sun 
Porch. 

3:00  P.  M. — Meeting  of  the  Talent  Search  Committee,  John  Smith 
Room. 

3:30  P.  M. — Annual  Business  Meeting  of  the  Junior  Academy  of 
Science,  Roof  Garden. 

Reports  of  Officers 

Election  of  Officers  for  1952-53 

Reading  of  Outstanding  Club  Reports 

3 :30  P.  M. — Meeting  of  all  Section  Officers,  Chesapeake  Room. 

4:00  P.  M. — Meeting  of  the  Council  of  the  Senior  Academy,  Chesa¬ 
peake  Room. 

5:00  P.  M. — Meeting  of  Section  Editors,  Parlor  A. 

6:00  P.  M. — Junior-Senior  Get  Together,  Sun  Porch. 
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6:30  P.  M. — Junior  Academy  Dinner,  Virginia  Room. 

Presiding — Raymond  Kirby,  President  of  the  Junior 
A  cademy 

Presentation  of  Junior  Academy  Awards — Grover  W. 
Everett 

Presentation  of  Virginia  Science  Talent  Search  Awards — 
John  E.  Hocutt 

Address — Dr.  William  A.  Kepner,  University  of  Virginia 
Tickets  must  be  obtained  at  the  Registration  Desk  by 
noon  on  Thursday. 

8:00  P.  M. — Junior  Social  Hour,  Sun  Porch. 

8:00  P.  M. — Academy  Conference  and  General  Meeting,  Roof  Garden. 
Reports  of  Officers 
Reports  of  Committees 

Long  Range  Planning — Marcellus  H.  Stow,  Chairman 
Research — Walter  S.  Flory,  Chairman 
Finance  and  Endowment — Guy  W.  Horsley, 

Chairman 

Junior  Academy  of  Science — Grover  W.  Everett, 
Chairman 

Seventh  Virginia  Science  Talent  Search — John  E. 

Hocutt,  Chairman 
Activities  for  Collegiate  Members 
— Joe  W.  Guthridge,  Chairman 
— Robert  P.  Carroll,  Co-Chairman 
Membership — Foley  F.  Smith,  Chairman 
James  River  Project — Marcellus  H.  Stow,  Chairman 
Resource-Use  Education — John  Thornton  Wood, 
Chairman 

Virginia  Flora — A.  B.  Massey,  Chairman 
Virginia  Fauna — Jay  D.  Andrews,  Chairman 
Virginia  Journal  of  Science — Boyd  Harshbarger, 
Editor-in-Chief 

Science  Museum — G.  W.  Jeffers,  Chairman 
Exchange  of  F oreign  Students — Edgar  J.  Fisher, 
Chairman 

Speakers  Bureau — S.  S.  Obenshain,  Chairman 
Place  of  Meeting  for  1953 — Bruce  D.  Reynolds, 
Chairman 

Local  Arrangements — William  G.  Guy,  Chairman 
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Report  on  the  National  Conference  of  State  Academies 
— Foley  F.  Smith 
New  Business 

FRIDAY,  MAY  16 

.8:00  A.  M. — Registration,  Hotel  Lobby 
9:00  A.  M. — Section  Meetings 

Agricultural  Sciences,  Parlor  A 

Astronomy,  Mathematics  and  Physics,  Monroe  Room 

Bacteriology,  Roof  Rotunda 

Biology,  Roof  Garden 

Chemistry,  Virginia  Room 

Education,  Parlor  B 

Engineering,  Chamberlin  Club 

Geology,  John  Smith  Room 

Medical  Sciences,  Chesapeake  Room 

Psychology,  Fort  Room 

Science  Teachers,  Arena  Room 

Statistics,  Parlor  C. 

12:30  P.  M. — Group  Luncheons 
2:00  P.  M. — Section  Meetings 

4:00  P.  M.  to  6:00  P.  M. — Academy  members  to  be  guests  at  a 
reception  at  the  Mariner's  Museum 
7 :00  P.  M. — Business  Meeting  and  Guest  Speaker. 

Presiding — Paul  M.  Patterson,  President ,  Virginia 
Academy  of  Science 

Welcome — Alvin  D.  Chandler,  President,  College  of 
William  and  Mary  in  Virginia 
Presentation  of  J.  Shelton  Horsley  Research  Award 
Presentation  of  Virginia’s  first  National  Science 
Talent  Search  Winner  and  her  Sponsor 
Report  of  Nominations  Committee 
Report  of  Committee  on  Resolutions 
Report  of  Place-of-Meeting  Committee 
Installation  of  Officers  for  1952-53 

8:30  P.  M. — Address  Professor  E.  Newton  Harvey,  Princeton  Uni¬ 
versity. 

“Bioluminescence” 

SATURDAY,  MAY  17 
9:00  A.  M. — Section  Meetings 
10:00  A.  M. — Academy  Council  Meeting,  Parlor  A 
2:00  P.  M. — Field  Trips  (see  bulletin  board  for  further  information). 
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Minutes  of  The  Council  Meeting  May  15, 1952 

A  Council  meeting  was  called  in  the  Chesapeake  Room,  Hotel 
Chamberlin,  at  4  o’clock  by  President  Paul  Patterson.  Present  were; 
Lloyd  C.  Bird,  I.  G.  Foster,  Boyd  Harshbarger,  Horton  Hobbs,  Jr., 
Guy  W.  Horsley,  Ladley  Husted,  Marcellus  Stow,  Foley  F.  Smith,  with 
President  Paul  Patterson  presiding. 

Minutes  of  the  last  Council  meeting  were  read  and  approved.  Dr. 
Harshbarger  discussed  the  change  in  the  By-laws  relative  to  student 
members,  and  it  was  properly  moved  and  passed  that  a  change  be  made 
“that  $1.25  of  the  $2.00  student  dues  go  to  the  Virginia  Journal  of 
Science  to  cover  the  cost  of  student  subscription.”  This  was  inadvertently 
left  out  of  the  publication  of  this  proposed  change  and  was  a  correction 
to  be  presented  at  the  Academy  Conference. 

President  Patterson  advised  the  Council  that  no  one  had  been  found 
to  take  over  the  work  of  maintaining  the  records  of  the  future  scholastic 
and  professional  attainments  of  Science  Talent  Search  winners.  He 
advised  that  the  State  Department  of  Education  could  not  undertake 
this  project  at  this  time. 

Professor  Stow,  Chairman  of  the  Long-Range  Project  Committee 
discussed  the  project  of  the  Dismal  Swamp  study  and  called  on  Dr. 
Baldwin  to  give  a  progress  report  on  the  work  of  his  committee.  The 
project  for  a  complete  scientific  study  of  the  Swamp  jointly  with  the 
Richmond  Area  University  Center,  covering  a  five  year  period  had  not 
crystallized,  but  the  committee  had  decided  to  prepare  a  manuscript  for 
a  popular  science  book  on  the  Swamp,  as  a  special  project. 

Professor  Baldwin  received  the  thanks  of  Council  for  his  work  in 
preparing  the  presentation  of  the  project  to  the  cooperating  institutions. 

It  was  moyed  and  passed  that  the  council  recommend  to  the  Academy 
Conference  that  a  registration  fee  of  fifty  cents  per  Senior  member  be 
made  at  future  annual  meetings.  This  money  will  be  used  to  defraj'- 
the  expenses,  if  necessary,  for  the  annual  guest  speaker. 

There  being  no  further  business  the  meeting  adjourned  at  5:45  p.  m. 

Foley  F.  Smith,  Secretary. 
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Minutes  of  The  Academy  Conference 
Thursday  Evening,  May  15,  1952 

The  Academy  Conference  convened  in  the  Roof  Garden  of  the  Hotel 
Chamberlin  at  8  o’clock.  It  was  called  to  order  by  President  Paul  M. 
Patterson,  when  a  forum  of  forty  members  had  assembled. 

The  President  made  a  report  concerning  Dr.  Victor  Tiedjens,  who 
was  appointed  as  councillor  to  serve  for  the  unexpired  term  of  John  N. 
Buck.  However,  Mr.  Tiedjens  left  the  State,  and  the  President  noted 
that  it  was  necessary  for  the  Nominating  Committee  to  nominate  a 
councillor  for  one  year  and  a  councillor  for  five  years  to  fill  the  present 
vacancies. 

He  recommended  that  the  Committee  on  Exchange  of  Foreign 
Students  be  discontinued,  as  it  was  felt  that  the  function  of  this  committee 
was  no  longer  necessary. 

It  was  moved  and  passed  that  Edward  Harlow  and  Foley  F.  Smith 
be  continued  as  advisors  to  the  Committee  on  Local  Arrangements  for 
the  annual  meetings. 

The  proposed  Constitutional  changes  as  previously  published  in  the 
Virginia  Journal  of  Science  were  brought  up  for  discussion.  Section  4 
of  the  By-laws  concerning  the  honorarium  of  the  secretary  were  changed 
as  proposed.  The  motion  for  approval  of  this  change  was  carried.  The 
proposed  change  in  Section  7  of  the  By-laws  concerning  the  granting  to 
Council  of  authority  to  act  in  any  emergency,  but  subject  to  subsequent 
approval  by  the  Council,  was  carried  after  considerable  discussion.  The 
vote  for  this  change  was  27  in  favor  of  the  change  and  17  opposed.  The 
change  in  Section  2  of  the  By-laws  concerning  the  status  of  student 
members,  as  proposed  in  the  April  issue  of  the  Virginia  Journal  of 
Science,  was  passed  with  the  correction  inserted  in  the  change;  “that 
$1.25  of  the  student  dues  of  $2.00  be  allocated  to  the  Virginia  Journal 
of  Science  to  cover  student  subscription.” 

After  some  discussion  the  Conference  accepted  the  Council  recom¬ 
mendation  that  Senior  members  of  the  Academy  pay  a  fifty  cent  registra¬ 
tion  fee  at  future  annual  meetings:  this  money  to  be  earmarked  for  the 
expense  of  the  invited  guest  speaker  at  the  annual  meeting. 

The  appended  reports  of  the  following  committees  were  made  and 
adopted. 

Report  of  the  Secretary-Treasurer  and  Membership  Committee. 

Report  of  the  Research  Committee. 

Report  of  the  Finance  Committee. 

Report  of  the  Junior  Academy  of  Science  Committee. 

Report  of  the  Science  Talent  Search  Committee. 

Report  of  the  Committee  on  Collegiate  activities. 
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Report  of  the  James  River  Project  Committee. 

Report  of  the  Resource-Use  Committee. 

Report  of  the  Flora  Committee. 

Report  of  tile  Fauna  Committee. 

Report  of  the  Editor-in-chief  Virginia  Journal  of  Science. 

No  report  from  the  State  Science  Museum  Committee. 

Report  of  the  committee  on  Exchange  of  Foreign  Students. 

Report  of  the  Speakers  Bureau. 

Report  of  Committee  on  place  of  meeting  in  1953. 

Report  on  the  Academy  Conference  at  the  AAAS  meeting  in  Phila¬ 
delphia. 

After  several  announcements  and  changes  in  the  Local  Arrangements 
by  Dr.  W.  G.  Guy,  the  Conference  adjourned  at  10:45  p.  m. 

Foley  F.  Smith,  Secretary. 

REPORT  OF  TPIE  SECRETARY-TREASURER 

The  report  of  the  auditor  covering  the  accounts  and  the  finances 
of  the  Academy  for  the  past  year  is  included  in  the  Committe  re¬ 
ports,  and  the  Finance  Committee  has  studied  this  report. 

The  Academy  has  enjoyed  a  good  year,  and  has  witnessed  parti¬ 
cularly  outstanding  work  by  the  Junior  Academy  of  Science  Commit¬ 
tee,  and  the  Science  Talent  Search  Committee.  The  Chairmen  of  these 
two  committees  are  to  be  congratulated  for  their  very  active  work. 
John  Hocutt,  Chairman  of  the  Science  Talent  Search  Committee,  per¬ 
sonally  raised  some  $1300  from  various  industrial  organizations  to 
help  defray  the  expenses  of  the  Talent  Search  winners  to  the  annual 
meeting.  Grover  Everett,  of  Lynchburg  College,  Chairman  of  the  Junior 
Academy  of  Science  Committee  has  done  outstanding  work  of  rejuvenat¬ 
ing  the  important  activities  of  this  Committee.  Detailed  reports  of  these 
and  other  Committees  will  follow. 

The  Academy  was  represented  at  two  Council  Meetings  of  the 
AAAS,  in  Philadelphia,  December  26-31,  1951,  by  your  Secretary  and 
President  Paul  M.  Patterson.  George  Jeffers,  of  Longwood  College,  a 
Past-President  of  the  Academy  was  also  present  at  the  Council  Meet¬ 
ing,  representing  the  National  Association  of  Biology  Teachers.  The 
Academy  Conference,  held  under  the  sponsorship  of  the  AAAS,  had  a 
very  full  program  December  28,  1951.  The  growth  of  the  Academy 
Conference  was  noted,  some  twenty-six  Academies  being  represented 
at  this  meeting.  The  Virginia  Academy  was  represented  by  the  Secre¬ 
tary,  President  Paul  M.  Patterson,  President-Elect  Lloyd  C.  Bird, 
and  Boyd  Harshbarger.  Matters  pertaining  to  State  Academy  finance 
problems,  Junior  Academy  activities,  and  State  Science  Talent  Search 
problems  were  discussed  and  participated  in  by  your  representatives. 
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The  Constitution  for  the  Academy  Conference  was  approved  and  ac¬ 
cepted  at  this  meeting. 

The  Membership  Committee  reports  this  year  has  to  depend  on 
the  present  roster  of  the  Virginia  Journal  of  Science,  due  to  the  loss 
of  the  Master  Roster  and  records.  Dr.  Henry  Leidheiser  of  the  Vir¬ 
ginia  Institute  of  Science  Research,  has  been  appointed  Co-Chairman 
of  the  Membership  Committee,  and  the  Secretary  would  appreciate 
each  member  of  the  x4cademy  making  a  special  effort  to  increase  the 
Senior  Membership  of  the  Academy  this  year,  and  wherever  possi¬ 
ble,  to  upgrade  his  membership  to  a  higher  classification. 

Foley  F.  Smith,  Secretary-Treasurer. 

Richmond,  Virginia 
April  24,  1952 

The  Officers  and  Council  Members 
Virginia  Academy  of  Science 
Richmond,  Virginia 

Gentlemen : 

I  have  made  an  examination  of  the  Secretary-Treasurer’s  books  of 
account  and  record  of 

Virginia  Academy  of  Science,  Richmond,  Virginia 
for  the  year  ended  March  31,  1952,  and  submit  herewith  my  report 
thereon,  consisting  of  the  statements  listed  in  the  foregoing  index. 

The  Statements  of  Cash  Receipts  and  Disbursements,  Exhibits  “B” 
and  “C”  reflect  the  General  Fund  and  Research  Fund  cash  transactions 
for  the  year  ended  March  31,  1952,  respectively.  The  cash  in  bank  was 
verified  by  direct  correspondence  with  the  depositary  bank  and  the 
balances  reported  were  reconciled  with  the  amounts  shown  on  the  Consoli¬ 
dated  Fund  Balance  Sheet,  Exhibit  “A”.  The  cash  receipts  of  record 
were  traced  in  total  to  the  record  of  their  deposit  in  bank,  and  all  record¬ 
ed  disbursements  were  evidence  by  properly  signed  cancelled  checks 
with  the  exception  of  those  checks  outstanding  at  the  balance  sheet  date. 

The  figures  shown  on  the  Consolidated  Fund  Balance  Sheet, 
Exhibit  “A”  and  Statements  of  Cash  Receipts  and  Disbursements, 
Exhibits  “D”,  “E”  and  “F”,  relating  to  Trust  Fund  accounts  were  taken 
from  the  March  31,  1952,  report  of  the  Trust  Agent,  First  and  Merchants 
National  Bank  of  Richmond  and  were  not  verified  in  any  manner  beyond 
the  confirmation  of  cash  balances. 

Income  remitted  to  your  treasurer  by  the  Trust  Agent  was  traced 
as  being  duly  deposited  in  the  bank. 

In  my  opinion  the  accompanying  statements  present  fairly  the  posi¬ 
tion  of  the  Virginia  Academy  of  Science  at  March  31,  1952,  and  the 
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results  of  its  financial  operations  for  the  fiscal  year,  in  conformity  with 
generally  accepted  accounting  principles  applied  on  a  basis  consistent 
with  that  of  the  preceding  year. 

Respectfully  submitted, 

J.  Waddell  Rison,  Certified  Public  Accountant 


VIRGINIA  ACADEMY  OF  SCIENCE 
RICHMOND,  VIRGINIA 
CONSOLIDATED  FUND  BALANCE  SHEET 
MARCH  31,  1952 

EXHIBIT  “A” 

ASSETS 


General  Fund: 

Cash  in  Bank  (Exhibit  “B”)  . $  4,660,13 

Accounts  Receivable  .  25.00 

Due  From  The  Virginia  Journal  of  Science .  16.00 


Total  General  Fund  .  $  4,701.13 

Research  Fund: 

Cash  in  Bank  (Exhibit  “C”)  . $  1,910.62 


Total  Research  Fund  .  1,810.62 

Trust  Fund  Principal  Account  (See  Footnote): 

Cash  on  Deposit  (Exhibit  “D”)  . $  669.73 

Investments  (At  Cost) : 

United  States  Savings  Bonds 

Series  F  &  G  (Market  Value  $7,482.40)  ....$  7,837.00 
Series  F.  &  G.  (Market  Value 


$7,842.40)  . $  7,837.00 

Stock  Securities 

(Market  Value  $6,901.26)  .  4,901.41 

5%  Real  Estate  Note  (Secured 
by  First  Deed  of  Trust)  .  2,200.00  14,938.41 


Total  Trust  Fund  Principal  Account... 

(See  Footnote) : 

Cash  on  Deposit  (Exhibit  “E”)  . ,v . $  122.00 


Total  Trust  Fund  Principal 

Investment  Income  Account  .  122.00 
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EXHIBIT  “A”  (Continued) 
LIABILITIES  AND  FUND  SURPLUS 


General  Fund: 

Advance  Payments  on  Dues  . $  7.00 

Fund  Balance  . .  4,694.13 


Total  General  Fund  .  $  4,701.13 

Research  Fund: 

Fund  Balance  . : . $  1,810.62 


Total  Research  Fund  .  1,810.62 

Trust  Fund  Principal  Account: 

Fund  Balance,  March  31,  1952  . $  15,608.14 


Total  Trust  Fund  Principal  Account  ....  $  15,608.14 

Trust  Fund  Principal  Account  -  Investment  Income  Account: 

Fund  Balance: 

Balance,  April  1,  1951  . $  131.88 

Deduct  -  Excess  of  Income  Distribution  and 
Expense  over  current  year’s  Income  (See 
Exhibit  “E”)  . . . .  9.88 


Balance,  March  31,  1952  . ...._$  122.00 


Total  Trust  Fund  Principal 

Investment  Income  Account  .  122.00 

Trust  Fund  Accumulated  Income  Account  (see  Footnote): 

Cash  on  Deposit  (Exhibit  “F”)  . $  16.38 

Investment  (At  Cost) : 

Preferred  Stocks  (Market  Value  $1,574.75)  ....  1,790.85 


Total  Trust  Fund  Accumulated 
Income  Account  .  $  1,807.23 


$  24,049.12 


NOTE: 

Trust  Fund  Account  figures  were  taken  from  Trust  Agent’s  report, 
First  and  Merchants  National  Bank  of  Richmond,  and  exclusive 
of  cash,  were  not  verified  in  any  manner. 
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EXHIBIT  “A”  (Continued) 

LIABILITIES  AND  FUND  SURPLUS 
Trust  Fund  Accumulated  Income  Account: 


Fund  Balance: 

Balance,  April  1,  1951  . 1,790.85 

Add  -  Dividend  Income  on  Stock  .  65.52 


$  1,856.37 

Deduct  -  Income  distribution 

(See  Exhibit  “F”)  .  49.14 


Balance,  March  31,  1952  . $  1,807.23 


Total  Trust  Fund  Accumulated 
Income  Account  ... . . . . .  $  1,807.23 


$24,049.12 


VIRGINIA  ACADEMY  OF  SCIENCE 
RICHMOND,  VIRGINIA 

GENERAL  FUND 

STATEMENT  OF  CASH  RECEIPTS  AND  DISBURSEMENTS 
FOR  THE  YEAR  ENDED  MARCH  81,  1952 

EXHIBIT  “B” 

Balance  on  Deposit  -  April  1,  1951  .  $  3,412.21 

Receipts: 

Revenues: 

Dues: 

Regular  Members  . $ 

Collegiate  Members  . 

Contributing  Members  . 

Sustaining  Members  . 

Life  Membership  (Paid  on 

Account)  . . . 

Delinquent  Dues  for  Prior 

Years  collected  . 

Transfer  of  James  River  Project 

funds  to  General  Fund  . 

Unidentified  Receipts  . 

Non-Revenue: 

Pledges  collected  -  The  Virginia 


1,957.50 

60.00 

348.00 

270.00 

25.00 

253.00  $  2,913.50 

100.00 

28.00 
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Journal  of  Science  . $  75.50 

Advance  payment  of  dues  .  7.00 

Special  Contributions  toward 
Annual  Meeting  May  1952: 

To  Science  Talent  Search  .  725.00 

To  Junior  Academy  Banquet  ....  200.00 

Collections  from  sales  of  booth 

space  for  May  1952  meeting  ....  90.00 

Collections  from  sales  of  booth 
space  for  May  1951  meeting  - 
shown  below  as  deduction  of 
meeting  expenses,  $255.00  . 

Total  Receipts  . 


1,097.50 


Disbursements  : 

American  Association  for  Advance¬ 
ment  of  Science  Meeting  .  $  125.00 

James  River  Project  .  19.20 

Junior  Academy  of  Science  .  125.18 

Annual  Meeting  Expense: 

Total  Expenses  Incurred  and  Paid  $  271.96 

Proceeds  from  meeting  activities  255.00  16.96 


Miscellaneous  and  General  Ex¬ 
penses  -  (Schedule  “1”)  .  223.46 

Postage  and  Express  Expense  .  107.17 

Printing  Expense  .  $  89.85 

Science  Talent  Search  .  94.76 

Stationery,  Supplies  and  Steno¬ 
graphic  Services  .  10.00 

The  Virginia  Journal  of  Science....  1,915.50 

Traveling  Expenses  .  115.00 

Dr.  E.  C.  L.  Miller  Award  .  50.00 


Total  Disbursements 


Balance  on  Deposit  -  March  31,  1952 
(Exhibit  “A”)  . . 

Consisting  of: 

Cash  on  Deposit  First  and 
Merchants  National  Bank  of 
Richmond  -  Checking  Account: 


General  Fund  .  $  3,689.47 

James  River  Project  .  45.66 

Science  Talent  Search  .  725.00 

Junior  Academy  .  200.00 


4,139.00 
$  7,551.21 


$  2,891.08 


$  4,660.13 


$  4,660.13 
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RESEARCH  FUND 

STATEMENT  OF  CASH  RECEIPTS  AND  DISBURSEMENTS 
FOR  THE  YEAR  ENDED  MARCH  31,  1952 


EXHIBIT  “C” 

Balance  on  Deposit  -  April  1,  1951:  .  $  1,151-85 

Receipts: 

Revenues: 

Income  from  Trust  Investments  . $  660.27 

Gifts,  Grants  and  Bequests  .  310.00 


Total  Receipts  .  970.27 


$  2,122.12 

Disbursements  : 

Grants-In-Aid  Awards  . $  310.00 

Miscellaneous  and  General  Expenses  .  1.50 


Total  Disbursements  .  311.50 

— 


Balance  on  Deposit  -  March  31,  1952  (Exhibit  “A”)  $  1,810.62 


Consisting  of: 

Cash  on  Deposit  First  and  Merchants  National 
Bank  of  Richmond  -  Checking  Account  .  $  1,810.62 


TRUST  FUND  PRINCIPAL  ACCOUNT  -  PRINCIPAL  CASH 

ACCOUNT 

STATEMENT  OF  CASH  RECEIPTS  AND  DISBURSEMENTS 
FOR  THE  YEAR  ENDED  MARCH  31,  1952 

EXHIBIT  “D” 


Balance  -  April  1,  1951  . . .  $  369.73 

Receipts: 

Proceeds  from  Shepperson  Deed  of  Trust  Note 

Installment  Due  August  28,  1951  . . .  300.00 


Balance  -  March  31,  1952  (Exhibit  “A”)  .  $  669.73 


Consisting  of: 

Cash  on  deposit  with  Depositary  Bank  of  the  Trust  Agent, 

First  and  Merchants  National  Bank  of  Richmond  . .  $  669.73 
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TRUST  FUND  PRINCIPAL  ACCOUNT  -  INVESTMENT 
CASH  ACCOUNT 

STATEMENT  OF  CASH  RECEIPTS  AND  DISBURSEMENTS 
FOR  THE  YEAR  ENDED  MARCH  31,  1952 

EXHIBIT  “E” 


Balance  -  April  1,  1951:  .  $  131.88 

Receipts: 

Revenue: 

Dividends  on  Stock  Investments  . . $  338.75 

Interest  on  Federal  Government  Bonds  . $  195.00 

Interest  on  Real  Estate  First  Deed  of  Trust  Note  117.50 

Total  Receipts  . . .  $  783.13 


$  783.13 

Disbursements  : 

Remittance  to  Virginia  Academy  of  Science 

Research  Rund  . $  611.13 

Trust  Agent’s  Commission  .  50.00 


Total  Disbursements  . .  661.13 


Balance  -  March  31,  1952  (Exhibit  “A”)  .  $  122.00 


Consisting  of: 

Cash  on  deposit  with  Depositary  Bank  of  the 
Trust  Agent,  First  and  Merchants  National 
Bank  of  Richmond  . .  $  122.00 


TRUST  FUND  ACCUMULATED  INCOME  -  CASH  ACCOUNT 
STATEMENT  OF  CASH  RECEIPTS  AND  DISBURSEMENTS 
FOR  THE  YEAR  ENDED  MARCH  31,  1952 

EXHIBIT  “F” 


Receipts: 

Dividends  on  Investment  Stocks  . . . .  $  65.52 

Disbursements  : 

Remittance  to  Virginia  Academy  of  Science  - 
Research  Fund  . . . .  49.14 


Balance  -  March  31,  1952  (Exhibit  “A”)  . . .  $  16.38 


Consisting  of: 

Cash  on  deposit  with  Depositary  Bank  of  the  Trust  Agent, 

First  and  Merchants  National  Bank  of  Richmond  . . .  $  16.38 
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GENERAL  FUND 

SCHEDULE  OF  MISCELLANEOUS  AND  GENERAL  EXPENSES 
FOR  THE  YEAR  ENDED  MARCH  31,  1952 
SCHEDULE  “1” 


Auditing  and  Tax  Services  .  $  165.00 

Post  Office  Box  Rental  .  15.00 

Virginia  Corporation  Registration  Fee  and  Franchise  Tax  ....  5.00 

Fidelity  Bond  Insurance  . 12.50 

Expenses  paid  as  reimbursement  to  the  office  of  the 

Academy’s  president  .  18.03 

Excess  of  Secretary’s  traveling  expenses  over  amount 

allocated  by  Council  . 7.93 


Total  (Exhibit  “B”)  .  $  223.46 


ANALYSIS  OF  COLLECTIONS  FOR  AND  REMITTANCES  TO 
THE  VIRGINIA  JOURNAL  OF  SCIENCE 
FOR  THE  YEAR  ENDED  MARCH  31,  1952 
SCHEDULE  “2” 


Balance  Due  -  April  1,  1951  . $  22.00 

Collections: 

Pledges  Received  . 

Membership  Dues  at  $2.00  each: 

745  Paid  during  current  year .  1.490.00 

15  Delinquent  dues  collected  .  30.00 

3  Prepaid  dues  of  previous 
year  transferred  to  current  year  6.00 

20  Gratuitous  subscriptions  to 
Patrons,  Honorary  and  Life 
Members  .  40.00 


236.00  $  258.00 

75.50  75.50 

1.490.00 

30.00 

6:00 

40.00 


(1)  $  1,788.00  $  111.50  $  1,899.50 


Remittances: 


April  9,  1951  . 

. $ 

212.00 

$  60.00 

$ 

272.00 

June  2,  1951  . . 

February  9,  1952  . 

190.00 

43.50 

233.50 

902.00 

8.00 

910.00 

February  16,  1952  . . 

400.00 

400.00 

February  16,  1952  . 

34.00 

34.00 

March  16,  1952  . 

March  18,  1952  -  Refund  from 

70.00 

70.00 

V.  J.  S . 

4.00 

4.00 

Total  Remittance 

(Exhibit  “B”)  . 

(2)  $  1,804.00 

$  111.50 

$  1,915.50 

Balance  -  March  31,  1952 

(1)  minus  (2)  (Overpayment) 

. $ 

16.00 

$ 

16.00 
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REPORT  OF  THE  LONG  RANGE  PLANNING  COMMITTEE 

At  the  1951  Annual  Meeting  of  the  Academy,  the  Long  Range 
Planning  Committee  was  instructed  to  appoint  a  sub-committee  to  study 
science  teaching  in  the  secondary  schools  of  Virginia.  After  consultation 
with  President  Patterson  and  various  members  of  the  committee  the 
Chairman  appointed  the  following  as  a  Committee  on  the  Study  of 
Science  Teaching  in  the  Secondary  Schools  of  Virginia:  Chairman,  Dr. 
F.  G.  Lankford,  Jr.,  Department  of  Education,  University  of  Virginia; 
Mr.  Paul  E.  Cale,  Superintendent  of  Schools,  Albemarle  County;  Mr. 
John  B.  Chase,  Department  of  Education,  University  of  Virginia;  Dr. 
James  W.  Cole,  Department  of  Chemistry,  University  of  Virginia;  Dr. 
Byron  N.  Cooper,  Department  of  Geology,  V.  P.  I.;  Dr.  William  M. 
Hinton,  Department  of  Psychology,  Washington  and  Lee  University;  Dr. 
George  W.  Jeffers,  Department  of  Biology,  Longwood  College;  Mr.  F. 
D.  Kizer,  Norview  High  School,  Norfolk;  Mr.  Robert  O.  Nelson, 
Superintendent  of  Schools,  Newport  News;  Dr.  Percy  H.  Warren, 
Department  of  Biology,  Madison  College. 

This  committee  has  held  two  meetings  and  has  taken  important 
steps  toward  acquiring  significant  information  pertaining  to  the  status 
of  science  teaching  in  the  high  schools.  Dr.  Percy  H.  Warren  is  present¬ 
ing  some  of  this  information  at  the  current  meetings  of  the  Section  of 
Science  Teachers.  A  progress  report,  prepared  by  Dr.  F.  G.  Lankford, 
is  herewith  presented. 

On  May  15,  1951,  Dr.  I.  D.  Wilson  wrote  the  Chairman  of  the 
Long  Range  Planning  Committee  suggesting  the  establishment  of  a 
Dismal  Swamp  Project  and  the  appointment  of  a  committee  to  initiate 
the  studies.  This  suggestion  has  been  discussed  in  considerable  detail 
with  members  of  the  committee,  officers  of  the  Academy,  and  the  Academy 
Council.  The  organization  of  such  a  project  and  committee  was  authoriz¬ 
ed  by  the  Council  at  its  meeting  on  February  10,  1952.  Dr.  J.  T.  Baldwin 
of  the  Department  of  Biology,  College  of  William  and  Mary  has  been 
appointed  Chairman  of  the  Committee.  He  appeared  before  the  Council 
and  presented  some  of  his  ideas  concerning  development  of  the  project. 

In  a  communication  of  February  28,  1952,  Dr.  Baldwin  wrote  that 
the  Richmond  Area  University  Center  was  interested  in  cooperating 
with  the  Academy  in  the  Dismal  Swamp  Project.  The  cooperating  insti¬ 
tutions  of  the  Center  pledged  $25,000  for  the  study  if  the  General  Edu¬ 
cation  Board  would  match  that  amount.  An  item  for  the  Dismal  Swamp 
Project  was  included  in  an  application  to  the  General  Education  Board, 
as  part  of  the  general  program  of  the  Richmond  Area  University  Center. 
Recently  it  has  been  learned  that  the  Board  has  temporarily  turned  down 
this  item.  It  is  felt  that  the  Swamp  Project  should  be  submitted  as  a 
unit  in  itself  and  not  as  a  part  of  the  general  program  of  the  Center. 
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We  are  confident  that  both  of  these  committees  are  under  competent 
leadership  and  that  the  results  of  their  labors  will  be  worthy  of  the 
Academy. 

A  meeting  of  the  Long  Range  Planning  Committee  was  held  on  May 
15  at  Hotel  Chamberlin. 

Marcellus  H.  Stow 

REPORT  OF  THE  RESEARCH  COMMITTEE 

Fourteen  papers  were  submitted  for  the  J.  Shelton  Horsley  Research 
Award.  Their  general  excellence  made  the  task  of  the  judges  no  simple 
one.  The  1952  Horsley  Award  was  won  by  Dr.  D.  R.  H.  Gourley,  De¬ 
partment  of  Pharmacology,  University  of  Virginia  Medical  School,  for 
material  presented  to  the  Academy  in  his  paper  “The  Mechanism  of  the 
Uptake  of  Radioactive  Phosphate  by  Human,  Rabbit,  and  Chicken 
Erythrocytes.” 

“Honorable  Mention”  was  received  by  Dr.  R.  A.  Bradley  and  Dr. 
M.  E.  Terry,  of  the  Department  of  Statistics,  Virginia  Polytechnic 
Institute,  for  their  two  related  papers  “Rank  Analysis  of  Incomplete 
Block  Designs  I.  The  Method  of  Paired  Comparisons”  and  “New  De¬ 
signs  and  Techniques  for  Organoleptic  Testing.” 

The  Research  Committee,  during  the  past  year,  has  acted  favorably 
upon  the  following  applications  for  research  grants-in-aid : 

1.  Dr.  J.  T.  Baldwin,  Jr.,  College  of  William  and  Mary:  $200.00  for 
field  expenses  in  study  of  the  plants  and  vegetation  of  the  Dismal 
Swamp. 

2.  Dr.  J.  J.  Murray,  Lexington,  Virginia:  $100.00  for  field  expenses 
in  making  a  survey  of  the  birds  of  the  Dismal  Swamp. 

In  case  of  both  of  these  applications — for  studies  in  connection 
with  the  Dismal  Swamp  project — the  Committee  approved  the  award  of 
funds,  up  to  the  requested  amounts,  for  travel  and  field  expenses 
through  June  30,  1953,  and  payable  upon  the  submission  of  expense 
accounts  to  the  Secretary  of  the  Academy. 

Walter  S.  Flory,  Jr. 

REPORT  OF  THE  FINANCE  AND  ENDOWMENT  COMMITTEE 

This  Committee  met  in  Richmond  on  April  30,  1952,  and  the  annual 
Auditor’s  Report  was  reviewed  and  discussed  item  by  item.  As  the 
Auditor’s  Report  will  be  given  in  the  report  of  the  Secretary-Treasurer, 
no  detailed  account  will  be  given  at  this  time. 

It  was  recommended  to  the  Research  Committee  and  the  Council 
that  the  accumulated  income  from  the  Research  Fund  which  now  amounts 
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to  approximately  $1,800.00  should  be  made  part  of  the  original  Endow¬ 
ment  Research  Fund. 

After  going  over  the  Auditor’s  Report  carefully  and  finding  our 
finances  in  satisfactory  condition,  the  Committee  proposed  the  following 


budget  for  the  year  1952-1958. 

Spent  in  Proposed 
for 

1951-52  1952-53 

A.A.A.S.  Meeting  . ...$125.00  $  125.00 

E.C.L.  Miller  Award  .  50.00  50.00 

Junior  Academy  of  Science  and 

Science  Talent  Search  .  219.91  225.00 

Meeting  Expenses .  16.96  25.00 

Audit  and  Tax  Services  .  165.00  170.00 

Premium  on  Treasury  Bond  . 12.50  12.50 

Stationery  Supplies  and 

Stenographic  Services  .  107.17  125.00 

Postage  and  Express  Charges  .  58.46  75.00 

Travel  Expenses  for  Representatives 

to  Meetings  . 115.00  250.00 

Subscriptions  to  Journal  of 

Science  for  Life  Members  . .  40.00 


$969.85  $1197.50 

The  Committee  feels  that  this  budget  can  be  followed  for  the 
next  year.  You  will  note  that  there  is  no  money  set  aside  for  an  hono¬ 
rarium  in  1952-1953  as  under  the  circumstances  the  Secretary-Treasurer 
cannot  accept  an  honorarium,  but  we  feel  that  his  expenses  tc  and  from 
the  State  and  National  meetings  in  the  service  of  the  Virginia  Academy 
of  Science  should  be  paid.  It  is  this  committee’s  opinion  that  the  $300 
for  the  honorarium  for  the  secretary-treasurer  should  be  kept  on  record 
as  it  may  be  necessary  to  use  it  in  later  years.  For  that  reason  the  propos¬ 
ed  traveling  expenses  for  the  coming  year  have  been  increased.  It  will 
be  noted  that  budget  is  approximately  $10.00  less  than  proposed  for 
1951-1952,  but  is  $277.75  more  than  was  spent  in  1951-1952.  We  have 
a  very  slim  margin,  and  every  effort  should  be  made  to  increase  the 
membership  in  the  Academy,  and  to  encourage  the  present  membership 
to  increase  their  status  from  the  regular  to  the  sustaining  or  contributing 
membership. 

It  is  suggested  that  thorough  study  should  be  made  for  securing  funds 
and  establishing  an  endowment,  the  interest  of  which  could  be  used 
entirely  for  the  general  operating  expenses  of  the  Academy.  This  would 
in  no  way  call  upon  the  Research  Fund,  but  would  be  an  additional 
source  of  revenue  for  the  Academy. 


Guy  W.  Horsley 
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REPORT  OF  THE  SPEAKERS  BUREAU 

In  view  of  the  very  small  number  of  requests  experienced  by  the 
Speakers  Bureau  during  previous  years,  your  committee  did  not  prepare 
a  new  list  of  speakers  for  the  entire  State. 

A  list  of  speakers  was  prepared  for  the  area  around  Roanoke  and 
Blacksburg,  and  a  trial  run  made  on  the  surrounding  territory.  At  the 
suggestion  of  A.  L.  Wingo  of  the  State  Department  of  Education,  the 
divisional  superintendents  were  first  contacted  asking  permission  to 
contact  the  science  teachers  through  their  respective  principals.  Contacts 
were  made  with  six  divisional  superintendents  and  the  principals  of  the 
schools  represented.  All  contacts  were  made  by  personal  letter.  Response 
was  practically  zero. 

Your  committee  recommends  that  once  more  this  service  be  offered 
to  the  various  groups  of  the  state  and  unless  the  demand  for  speakers 
is  fairly  large  that  the  committee  be  discontinued. 

S.  S.  Obenshain 

REPORT  OF  THE  COMMITTEE  OF  THE  JUNIOR 
ACADEMY  OF  SCIENCE 

The  Junior  Academy  of  Science  Committee  at  its  first  meeting,  in 
keeping  with  its  policy  of  promoting  and  maintaining  interest  in  science 
among  high  school  students,  decided  to  concentrate  on  the  following 
objectives : 

1.  To  work  toward  establishing  better  means  of  communications 
between  the  committee  and  the  science  clubs.  In  striving  to 
accomplish  this  objective,  several  procedures  were  followed: 

a.  The  mailing  facilities  of  the  Extension  Division  under  the 
leadership  of  Howard  R.  Richardson  were  used  a  number  of 
times. 

b.  A  science  page,  instituted  by  the  editors  of  the  V.  E.  A. 
Journal  was  used  to  advantage.  Frank  Kizer  was  instrumental 
in  our  being  able  to  use  this  medium  of  communication. 

c.  Direct  correspondence  with  active  clubs  was  used  whenever 
possible  to  pass  on  information. 

2.  To  strive  for  more  widespread  use  of  the  Speakers  Bureau. 
The  Speakers  Bureau  was  publicized  through  form  letters 
mailed  through  the  Extension  Division.  I  am  sorry  to  say  that 
very  few  schools  took  advantage  of  the  very  generous  offer  of 
the  men  on  the  list.  In  my  opinion  this  is  one  phase  of  our 
activities  that  needs  to  be  promoted  more  vigorously. 

3.  To  work  toward  increasing  the  size  and  number  of  student  and 
teacher  scholarships  available  in  the  State.  The  two  summer 
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scholarships  available  to  science  teachers  were  increased  to 
$100  each.  John  Hocutt,  Chairman  of  the  Science  Talent 
Search  Committee,  has  been  instrumental  in  compiling  a  rather 
complete  list  of  scholarships  available  to  outstanding  science 
students  in  the  State. 

4.  To  arouse  more  interest  and  participation  in  regional  open 
houses.  The  committee  decided  to  ask  five  schools  to  sponsor 
the  open  houses  this  year.  Emphasis  was  to  be  placed  on  exhibits, 
demonstrations,  lectures,  tours,  etc.  These  schools  did  a  magnifi¬ 
cent  job  this  year  as  indicated  by  the  data  in  the  following 
table: 


School 

Date 

Chairman 

Number  Number 

Schools 

Reg. 

Exhibits  Represented 

University 

April  26, 

E.  C.  McClintock 

511 

35 

64 

of  Va. 

1952 

V.  P.  I. 

April  25, 
1952 

26 

B.  N.  Cooper 

150 

24 

5 

William 

April  18, 

O.  Schuette  Jr. 

_ 

32 

_ 

and  Mary 

1952 

University 

April  15, 

W.  S.  Grable 

210 

1 

12 

of  Rich. 

1952 

Hampton 

April  25, 

26 

F.  D.  Inge 

284 

22 

36 

Institute 

1952 

1155 

114 

117 

5.  To  make  the  annual  meeting  of  the  Junior  Academy  of  Science 
a  more  significant  part  of  the  year’s  program.  The  President, 
Raymond  Kirby,  was  given  complete  charge  of  planning  the 
junior  program.  He  has  done  a  fine  job.  The  committee  was 
primarily  concerned  with  arranging  the  exhibit  contest.  Thirty 
winners  and  honorable  mentions  from  open  house  competition 
were  invited  to  compete  for  State  prizes.  Several  other  awards 
were  also  made  at  the  banquet.  The  complete  list  of  awards  is 
as  follows: 

1.  Winning  Club  Exhibit:  Hampton  High  School,  Hampton, 

2.  Second  Club  Exhibit:  Newport  News  High  School,  Newport 
News. 

3.  Third  Club  Exhibit:  Wilson  Memorial  High  School, 

Fishers  ville. 

4.  Winning  Individual  Exhibit:  Charles  Moncure,  Radford  High 
School. 
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5.  Second  Individual  Exhibit:  Gerald  D.  Walberg,  Norview  High 
School. 

6.  Third  Individual  Exhibit:  Ruth  V.  Womble,  Wilson  Mem. 
High  School. 

7.  Miller  Award:  Martinsville  High  School,  Felix  Sanders, 
Sponsor. 

8.  Teacher  Award:  H.  Felix  Sanders,  William  and  Mary 
Scholarship. 

Miss  Gloria  Reid,  Oceana  High  School, 
Mountain  Lake  Biological  Scholarship. 
Alternate  Teacher  Awards:  Miss  Leslie  V.  Watkins,  Andrew 

Lewis  High  School,  Alternate  for 
William  and  Mary  Scholarship; 
Miss  Susie  V.  Floyd,  Alternate 
Mountain  Lake. 

9.  Honorary  Student  Memberships 

A.A.A.S.  Raymond  Kirby,  Norview  High  School. 

Miss  Ruth  F.  Harrell,  Maury  High  School. 

Miss  Doris  Hermes,  Martinsville  High  School. 

V.A.S.  Charles  Moncure,  Radford  High  School. 

Miss  Carol  Jean  Davis,  Wilson  Mem.  High  School. 

Miss  Ruth  V.  Womble,  Wilson  Mem.  High  School. 

John  Garber  Moore,  Blacksburg  High  School. 

We  are  very  grateful  to  the  Virginia  Peninsula  Association  of 
Commerce  for  donating  the  money  for  the  exhibit  awards. 

In  conclusion  the  chairman  would  like  to  make  several  suggestions 
for  the  future. 

1.  Adequate  functioning  of  the  committee  is  impossible  without  a 
larger  budget.  Most  of  the  money  allotted  is  spent  in  stationery, 
bulletins,  cards,  etc.,  with  very  little  left  for  correspondence. 
I  hope  the  Academy  will  seriously  consider  increasing  the  budget 
of  this  committee. 

2.  Science  Fairs  are  becoming  increasingly  popular.  In  my  opinion, 
this  activity  should  be  encouraged  and  promoted  by  the  com¬ 
mittee.  Eventually  it  should  become  an  integral  part  of  the 
Junior  Academy  program. 

3.  Future  plans  call  for  the  establishment  of  a  four  page  bulletin 
to  be  sent  to  all  organized  science  clubs  in  Virginia  four  times  a 
year.  If  funds  are  available  for  this  project,  communication 
between  committee  and  club  will  become  much  more  effective. 

4.  Finally  I  would  like  to  thank  the  many  people  who  have  worked 
faithfully  with  me,  who  have  given  valuable  advice,  and  to  the 
officers  of  the  Junior  Academy  who  carried  on  their  program 
so  well  this  year. 


Grover  W.  Everett 
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REPORT  OF  THE 

SEVENTH  VIRGINIA  SCIENCE  TALENT  SEARCH 

In  the  Seventh  Virginia  Science  Talent  Search,  468  seniors  re¬ 
quested  Aptitude  Examinations  from  Science  Service.  Of  this  number, 
99  completed  all  requirements  for  competition  and  of  these, ,  one  was 
selected  as  a  Winner  and  4  won  Honorable  Mention  in  the  National 
Search  as  follows: 

Winners: 

Ruth  Flinn  Harrell,  Maury  High  School,  Norfolk  Virginia. 
Honorable  Mentions: 

Carol  Jean  Davis,  Wilson  Memorial  High  School, 
Fishersville,  Virginia. 

Ruth  Virginia  Womble,  Wilson  Memorial  High  School, 
Fishersville,  Virginia. 

Carleton  Haddock  Jones,  Jr.,  Hampton  High  School, 
Hampton,  Virginia. 

John  Garber  Moore,  Blacksburg  High  School,  Blacksburg, 
Virginia. 

In  the  Virginia  Search,  16  Winners  and  29  Honorable  Mentions 
were  selected  as  follows : 

Winners: 

Carol  Jean  Davis,  Wilson  Memorial,  Fishersville 
Lewis  P.  Dillon,  Thomas  Jefferson,  Richmond 
Herman  William  Gabriel,  Thomas  Jefferson  Richmond 
John  Goodwin  Graham,  Wilson  Memorial,  Fishersville 
Ruth  Flinn  Harrell,  Maury  High,  Norfolk 
Lacey  Milton  Jacobs,  Jr.,  Thomas  Jefferson 
Carelton  H.  Jones,  Jr.,  Hampton  High,  Hampton 
David  Jeremy  Kaplan,  Falls  Church  High,  Falls  Church 
Charlie  W.  Moncure,  Radford  High,  Radford 
John  Garber  Moore,  Blacksburg  High,  Blacksburg 
Clarence  Young  Peery,  Coeburn  High,  Coeburn 
Richard  Leslie  Raybold,  Mt.  Vernon  High,  Alexandria 
William  B.  Robey,  Andrew  Lewis  High,  Salem 
James  Southern  Shreve,  Falls  Church  High,  Falls  Church 
Thomas  T.  Thompson,  Hampton  High,  Hampton 
Ruth  Virginia  Womble,  Wilson  Memorial,  Fishersville 

Honorable  Mentions: 

Samuel  Lee  Armfield,  Huntington  High,  Newport  News 
Edward  Gardner  Burcher,  Newport  News  High,  Newport 
News 

William  C.  Deans,  Thomas  Jefferson,  Richmond 
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Charles  Monroe  Drum.  Thomas  Jefferson,  Richmond 
John  William  Duncan,  Thomas  Jefferson,  Richmond 
Michael  O.  Efird,  Norview  High,  Norfolk 
Angela  Margaret  Groth,  Thomas  Jefferson,  Richmond 
John  Henry  Highfill,  Thomas  Jefferson,  Richmond 
Stanley  A.  Laster,  Thomas  Jefferson,  Richmond 
James  Lawrence  McKenna,  Holy  Cross  Academy, 
Lynchburg 

Nathan  Metzger,  Thomas  Jefferson,  Richmond 
Dorcas  Molumphy,  Washington-Lee,  Arlington 
Arnold  B.  Moore,  Thomas  Jefferson,  Richmond 
John  B.  Myers,  Thomas  Jefferson,  Richmond 
Samuel  A.  Naff,  Newport  News  High,  Newport  News 
Lawrence  A.  Nielson,  Falls  Church  High,  Falls  Church 
Betty  Joan  Parrish,  Andrew  Lewis  High,  Salem 
Virginia  Lee  Peters,  Andrew  Lewis  High,  Salem 
William  W.  Pettus,  Thomas  Jefferson,  Richmond 
John  A.  Rawls,  Battlefield  Park,  Ellerson 
Agnes  M.  Rennie,  Thomas  Jefferson,  Richmond 
Howard  W.  Silsby,  Washington-Lee,  Arlington 
Sandra  Allison  Turner,  Andrew  Lewis  High,  Salem 
Gerald  David  Welberg,  Norview  High,  Norfolk 
Bowden  Wilson  Ward,  Jr.,  Thomas  Jefferson,  Richmond 
Jean  E.  Ward,  Llighland  Springs  High,  Richmond 
David  Leon  Webb,  Henry  Clay  High,  Ashland 
James  B.  Williams,  Jr.,  Thomas  Jefferson,  Richmond 
Ann  Carol  Yeaman,  Thomas  Jefferson,  Richmond 
Twenty-eight  Virginia  colleges  have  made  available  more  than  100 
scholarships  ranging  in  value  from  $100.00  to  $1,000.00  to  the  16 
Winners  and  29  Honorable  Mentions  named  above.  A  chart  listing  these 
scholarships  was  published  and  distributed  to  high  school  principals, 
science  clubs,  and  science  club  sponsors  in  Virginia,  and  to  all  partici¬ 
pants  in  the  Virginia  Search. 

The1  Committee  solicited  funds  from  Virginia  industries  to  help 
defray  the  expenses  of  the  45  Finalists  invited  to  the  Academy  meeting 
to  participate  in  the  final  judging  to  select  the  16  Winners.  A  total 
of  $1,300.00  was  raised  for  this  purpose  from  the  following  15  companies: 
American  Tobacco  Company,  Richmond 
American  Viscose  Corporation.  Roanoke 
Celanese  Corporation  of  American 
Coca  Cola  Bottling  Works,  Inc.,  Norfolk 
E.  I.  duPont  deNemours  and  Co.,  Richmond 
Experiment  Incorporated,  Richmond 
Hastings  Instrument  Company,  Inc.,  Hampton 
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West  Virginia  Pulp  and  Paper  Company,  Covington 
Monsanto  Chemical  Company,  Norfolk 

Newport  News  Shipbuilding  and  Drydock  Company,  Newport 
News 

Phipps  and  Bird,  Inc.,  Richmond 

Southern  Materials  Company,  Inc.,  Norfolk 

The  Chesapeake  Corporation  of  Virginia,  West  Point 

The  Lane  Company,  Inc.,  Altavista 

The  Solvay  Process  Division,  Allied  Chemical  and  Dye  Corp., 
Hopewell,  Va. 

The  Chairman  gratefully  acknowledges  the  contribution  made  to 
the  work  of  this  Committee  by  the  College  of  William  and  Mary  to  the 
extent  of  an  estimated  $250.00  in  the  form  of  secretarial  assistance, 
postage  and  other  supplies,  mimeographing,  travel  expenses  (for  the 
Chairman),  etc. 

The  Chairman  expresses  generous  appreciation  to  the  officers  of 
the  Academy  and  to  the  members  of  this  Committee  for  their  wise  advice 
and  for  their  willing  and  able  participation  in  the  Committee’s  work. 

John  E.  Hocutt 

REPORT  OF  THE  COMMITTEE  ON  THE  EXCHANGE  OF 
FOREIGN  STUDENTS 

The  number  of  foreign  students  engaged  in  academic  work  in  the 
United  States  has  again  increased,  though  slightly,  over  the  last  academic 
year.  The  census  of  students  from  other  countries  for  the  year  1951-1952, 
as  reported  by  the  Committee  on  Friendly  Relations  among  Foreign 
Students  of  New  York  City,  gives  their  number  as  30,462,  of  whom 
23,293  are  men  and  7,169  are  women. 

The  total  number  of  foreign  students  in  the  academic  institutions 
of  Virginia  at  present  is  224,  of  whom  137  are  men  and  87  are  women. 
For  the  three  preceding  years  the  figures  were:  1948-48 — 177; 
1949-50 — 197;  1950-51 — 220.  It  is  good  to  know  that  Virginia’s  quota 
of  these  able  representatives  from  abroad  is  gradually  increasing,  even 
if  not  as  much  as  it  should. 

Again  13  Virginia  Colleges  and  Universities  are  on  the  Honor 
List  for  having  five  or  more  foreign  students  on  their  campuses.  They 
are,  in  comparison  with  the  statistics  for  last  year  as  follows: 


Institution 

1951-1952 

1950- 

Virginia  Polytechnic  Institute  . . . 

. .  43 

36 

University  of  Virginia  . . . 

.  41 

34 

Eastern  Mennonite  College  . 

. .  16 

23 

Hampton  Institute  . 

.  15 

11 
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University  of  Richmond  . . . 14  11 

Sullins  College  . 10  2 

Shenandoah  College  .  9  5 

Virginia  Intermont  College  .  7  7 

Washington  and  Lee  University . . .  7  7 

Virginia  Military  Institute  . 6  8 

Lynchburg  College  . 5  4 

Stratford  College  .  5  4 

Sweet  Briar  College  . .1 .  5  5 

These  students  come  from  56  different  countries,  as  against  52 
countries  in  1950-51,  and  47  in  1949-50.  There  are  17  different  countries 
that  have  sent  5  or  more  of  their  students  to  Virginia  this  academic  year 
in  comparison  with  12  last  year.  These  countries  and  the  number  of 
their  students  follow: 


Canada  . 24 

Cuba  .  21 

Germany  . 19 

China  . 14 

Chile  .  8 

Great  Britain . 8 

Japan  . .  7 

British  West  Indies  .  6 

India  .  6 


Korea  .  6 

Liberia  .  6 

Ecuador  .  5 

Mexico  . 5 

Nigeria  . 5 

Panama  .  5 

Peru  .  5 

Sierre  Leone  .  5 


On  these  statistics  certain  brief  observations  may  be  made.  It  is 
significant,  but  not  unexpected,  that  there  is  not  a  single  student  in 
Virginia  institutions  from  Soviet  Russia  or  any  of  her  satellite  countries, 
with  the  single  exception  of  Poland,  from  which  dominated  state  there 
is  one  student  in  Virginia.  It  is  significant  that  the  number  of  Chinese 
in  Virginia  is  steadily  decreasing,  and  under  present  conditions  that  is 
natural,  however  tragic  it  may  be.  Last  year  there  were  80  Chinese 
students  in  Virginia,  and  this  year  only  14.  It  is  very  unfortunate  that 
more  students  from  Greece,  Turkey  and  the  Arab  countries  are  not 
securing  the  opportunities  available  in  the  Virginia  institutions  of  higher 
learning.  Those  countries  occupy  the  most  significant  and  strategic 
position  with  respect  to  the  critical  ideological  struggle  between  East 
and  West  in  which  we  are  engaged.  Virginia  should  do  its  part  better 
in  helping  to  train  the  young  men  and  women  from  this  crucial  area. 
There  is  only  1  student  from  Greece,  2  from  Turkey,  and  4  from  all  the 
countries  of  the  Arab  World  in  the  institutions  of  this  State.  On  such  a 
modest  basis  we  cannot  do  our  proper  part  in  liberalizing  the  thinking 
of  that  part  of  the  world  or  in  developing  democracies  with  satisfactory 
restraints  and  justice. 


Edgar  J.  Fisher 
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REPORT  OF  THE  RESOURCE-USE  EDUCATION  COMMITTEE 

The  majority  of  the  conservation-education  activities  listed  in  the 
reports  of  the  past  four  years  have  been  continued.  Although  the  problems 
previously  pointed  out  continue  to  persist,  encouraging  progress  has 
been  made  by  members  of  this  Committee  during  the  past  year  in  work¬ 
ing  toward  the  solution  of  some  of  them.  Space  limitations  restrict  this 
report  to  brief  mention  of  new  activities,  or  those  not  previously  report¬ 
ed. 

1.  Immediately  prior  to  National  Resource-Use  Education  Week 
the  committee,  acting  through  President  Paul  M.  Patterson,  brought  to 
Governor  John  S.  Battle’s  attention  the  recommendations  from  the  1950 
report.  Governor  Battle  advised  that  these  matters  would  be  taken  up 
with  the  State  Department  of  Education. 

2.  Members  of  the  Committee  reported  their  views  on  the  proposal 
that  a  new  series  of  contests  be  developed  to  stimulate  the  interest  of 
high  school  students  in  conservation.  It  was  the  majority  opinion  that 
the  present  plethora  of  contests,  and  the  faults  inherent  in  such  contests, 
made  initiation  of  a  new  series  of  dubious  value ;  all  members  encouraged 
support  of  the  several  conservation  contests  offered  by  various  agencies 
to  the  school  children  at  this  time. 

3.  A  committee  was  organized  by  the  National  Association  of 
Biology  Teachers  to  promote  conservation  education  in  high  schools. 
Prof.  C.  E.  Packard  of  Randolph-Macon  College,  Regional  Chairman 
of  District  Five  (including  the  States  of  Md.,  Va.,  Del.,  W.  Va.,  N.  C., 
S.  C.,  Ga.,  and  Fla.)  has  been  in  contact  with  this  Committee  during 
the  past  year,  and  reports  that  as  a  result  of  the  cooperation  considerable 
progress  has  been  made. 

4.  Five  members  of  this  Committee  participated  in  the  organization 
of  the  Virginia  Resource-Use  Education  Council,  to  work  toward  “bring¬ 
ing  about  a  better  understanding  and  working  relationship  among  existing 
agencies  dealing  with  natural  resources  and  to  develop  and  implement  a 
broader  educational  program  in  these  fields.” 

5.  This  Committee  suggested  to  President  Patterson  its  willingness 
to  assist  in  the  development  of  an  annual  regional  Resource-Use  Educa¬ 
tion  Symposium  as  a  feature  of  Academy  meetings  if  this  activity  finds 
the  support  and  sponsorship  of  two  or  more  interested  Academy  Sections. 
The  Chairmen  of  the  Biology  and  Secondary  Science  Teacher  Sections 
suggested  investigation  of  the  possibility  of  planning  this  activity  for 
the  next  annual  meeting. 

6.  An  extensive  resource-use  educational  program  has  been  develop¬ 
ed  in  Shenandoah  National  Park  to  introduce  the  public  to  the  recreation¬ 
al  use  of  natural  preserves.  During  the  past  year  this  has  included  the 
use  of  guided  field  trips,  nature  trails,  literature,  and  91  lectures.  In 
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addition,  a  specialized  conservation-education  organization,  the  Shenan¬ 
doah  Natural  History  Association,  has  been  started  and  is  making  signifi¬ 
cant  progress. 

7.  Great  progress  in  forestry  education  has  been  reported  by  the 
Virginia  vocational  agriculture  division,  with  24,573  students  enrolled 
in  classes,  and  19,421  studying  farm  forestry.  Of  these,  5,545  own  their 
own  woodlands,  and  have  developed  long-term  management  plans  based 
on  sound  timber  farming  practices. 

8.  Committee  members  have  again  served  as  instructors  in  the 
Nature  Stud}^  Camp  of  the  Garden  Clubs  of  Virginia.  Strong  interest  in 
the  reactivation  of  summer  conservation  workshops  has  been  expressed 
to  this  committee  by  Miss  Elizabeth  Perry,  Virginia  representative  of 
the  Conservation  Committee  of  the  Garden  Clubs  of  America. 

9.  An  extension  course  on  Virginia’s  marine  resources  and  fisheries 
has  been  developed  by  the  Virginia  Fisheries  Laboratory  for  the  in- 
service  training  of  high  school  teachers  in  the  Tidewater  region.  Other 
resource-use  education,  aids  prepared  for  school  use  by  this  organization 
include  loan  exhibits  on  “Fishing  Problems”  and  “Enemies  of  Oysters;” 
several  excellent  new  exhibits  have  been  added  to  the  public  exhibit  room 
of  the  Laboratory  at  Gloucester  Point. 

Recommendations 

Some  of  the  recommendations  suggested  by  certain  members  of  the 
Committee  are  as  follows : 

1.  It  is  recommended  that  the  State  of  Virginia  establish  a  Resource" 
Use  Education  Commission,  or  Advisory  Council.  This  Commission  or 
Council  should  be  composed  of  official  representatives  of  State  and 
federal  land-use  agencies  and  the  State  Board  of  Education.  It  should 
serve  to  advise  the  Governor  and  the  General  Assembly,  and  the  agencies 
represented,  concerning  matters  pertaining  to  conservation  education, 
and  ways  and  means  of  coordinating  the  total  conservation  effort. 

2.  It  is  recommended  that  Virginia’s  institutions  of  higher  learning 
be  encouraged  to  include  courses  in  the  conservation  of  natural  resources. 
It  is  also  recommended  that  all  teachers  graduating  from  such  institu¬ 
tions  be  required  to  have  had  at  least  one  full  course  in  Resource-Use 
Education  before  a  teaching  certificate  is  granted. 

3.  The  Committee  wishes  to  urge  the  State  Board  of  Education  to 
add  to  its  staff  a  trained,  full-time  Conservation  Education  specialist 
to  help  coordinate  activities  in  this  field  in  the  public  school  system. 

4.  It  is  recommended  that  the  State  Board  of  Education  institute 
Resource-Use  Education  Workshops  each  summer  for  the  benefit  of 
instructional  personnel  of  the  public  schools. 

5.  It  is  recommended  that  the  State  Board  of  Education  supply 
school  administrators,  teachers,  and  libraries  in  the  State  with  copies  of 
the  book  “Conservation  Education  in  American  Schools,”  published  and 
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approved  by  the  American  Association  of  School  Administrators,  Na¬ 
tional  Education  Association. 

The  retiring  chairman  wishes  to  express  his  appreciation  for  the 
cooperation  received  from  the  officers  of  the  Academy  and  the  members 
of  the  Committee.  All  progress  made  by  this  Committee  has  resulted 
from  this  generous  assistance. 

John  Thornton  Wood 


REPORT  OF  THE  COMMITTEE  ON  VIRGINIA  FLORA 

Members  of  the  committee  have  been  active  in  several  phases  of 
the  work  relative  to  the  development  of  our  knowledge  of  the  plant 
life  of  the  State.  Dr.  Patterson  continues  his  studies  of  the  mosses 
of  the  State,  having  published  phases  of  the  results  of  his  studies. 
Miss  Artz  continues  her  investigations  of  the  flora  of  the  Massanut- 
ten  area..  Mr.  Mason  has  pushed  his  efforts  in  photographing  native 
plants  and  has  given  a  large  number  of  illustrated  lectures  in  various 
parts  of  the  State  thus  increasing  the  interest  in  our  native  flora. 
Mr.  Mikula  of  William  and  Mary  College  has  accumulated  a  large 
collection  of  plants  from  various  parts  of  the  State. 

A  major  objective  of  the  committee  is  the  future  publication  of  a 
Flora  of  Virginia.  Preliminary  to  this  is  the  preparation  of  a  complete 
check  list  of  the  species  and  varieties  of  plants  known  to  occur  in 
the  State  and  where  they  occur.  The  chairman  of  the  committee  has 
started  an  annotated  list  and  is  reporting  on  the  first  section  of  it  at 
this  meeting  of  the  Academy.  Other  sections  will  follow  as  rapidW 
as  feasible.  Other  phases  of  the  work  leading  to  a  complete  flora  are 
contemplated  for  the  immediate  future. 

The  development  of  a  State  Herbarium  at  the  Virginia  Poly¬ 
technic  Institute  has  been  enhanced  by  the  assignment  of  a  special 
room  for  the  herbarium  with  an  adjoining  work  room.  Thus  the  her¬ 
barium  can  be  properly  arranged  and  freely  used.  This  will  be  a  big 
boost  to  our  flora  work. 

A.  B.  Massey 


REPORT  OF  THE  COMMITTEE  ON  VIRGINIA  FAUNA 

Accumulation  of  knowledge  on  the  fauna  of  Virginia  is  painfully 
slow.  Those  species  which  have  an  economic  importance,  such  as  in¬ 
sects,  fish,  and  mammals,  are  receiving  considerable  attention.  The 
rest  of  the  animal  kingdom  is  being  studied  by  a  mere  handful  of  peo¬ 
ple  —  often  in  spare  time  only. 
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We  do  not  attach  great  importance  to  these  neglected  faunal 
groups ;  yet  one  of  the  most  serious  criticisms  of  applied  ecological 
research  is  the  failure  to  consider  the  community  as  a  whole.  The  first 
step  in  any  ecological  study  of  a  region  is  the  determination  of  the 
species  present,  together  with  their  distribution  and  abundance.  To  a 
large  extent  we  have  not  taken  this  first  step  in  Virginia. 

A  few  examples  from  the  waters  of  Chesapeake  Bay,  beside  which 
we  are  meeting  today,  will  illustrate  this  point.  Last  winter,  in  re¬ 
sponse  to  an  inquiry,  Dr.  Austin  Clark,  who  is  a  world-wide  authority 
on  Echinoderms,  prepared  a  key  and  check  list  of  the  Echinoderms  of 
Chesapeake.  Surprisingly,  the  two  most  common  species  were  not  in¬ 
cluded,  for  there  were  neither  records  of  them  in  the  literature,  nor 
specimens  in  the  National  Museum.  The  brackish  water  mollusks  of 
Chesapeake  Bay  are  very  poorly  represented  in  the  museums  and  no 
adequate  check  list  has  ever  been  publishd;  yet  half  a  dozen  species 
are  of  considerable  economic  importance.  A  recent  request  by  the 
Navy  for  information  on  fouling  species  of  Chesapeake  Bay  has  re¬ 
vealed  that  scarcely  any  literature  exists  on  the  subject  and  that  very 
little  is  known  about  local  conditions  despite  the  presence  of  some  of 
the  biggest  port  installations  in  the  world. 

This  is  the  status  of  faunal  information  in  Chesapeake  Bay,  one 
of  the  most  famous  and  most  productive  estuaries  in  the  world.  No 
doubt  similar  conditions  exist  in  certain  groups  of  the  land  and  fresh 
water  fauna  of  Virginia. 

Some  states  have  natural  history  surveys  which  enable  full  time 
workers  to  study  non-economic  groups.  Lacking  this,  we  can  make 
a  start  in  Virginia  by  lending  a  hand  to  the  small  group  of  specialists 
which  is  already  studying  our  fauna.  Most  of  these  ecologists  are 
anxious  to  receive- collections  from  various  parts  of  the  State.  To  aid 
in  getting  collections  to  the  right  specialists,  the  directory  of  per¬ 
sons  actively  working  on  the  Virginia  fauna  has  been  revised  and  is 
available  from  Committee  members. 

J.  D.  Andrews 


REPORT  OF  THE  VIRGINIA  JOURNAL  OF  SCIENCE 

This  year’s  publication  of  the  Virginia  Journal  of  Science  has  been 
most  successful.  The  Technical  Editor,  Dr.  Horton  H.  Hobbs  of  the 
University  of  Virginia,  and  the  Assistant  Technical  Editor,  Dr.  Mary 
E.  Humphreys  of  Mary  Baldwin  College,  merit  especial  recognition. 
With  the  service  of  these  two,  the  section  editors,  and  the  Statistics 
Department  of  the  Virginia  Polytechnic  Institute  it  has  been  possi¬ 
ble  to  continue  publication  of  the  Journal  for  the  small  sum  of  $2.00 
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per  member.  Whether  we  will  be  able  to  continue  publication  at  this 
nominal  cost  depends  upon  the  charges  we  receive  for  printing  and 
our  ability  to  get  advertisements.  Assistance  in  securing  advertise¬ 
ments  will  be  appreciated  from  any  member  of  the  Academy. 

Your  attention  is  especially  requested  in  examining  the  report 
of  the  auditor.  I  would  again  like  to  request  that  all  changes  of  ad¬ 
dress  be  in  the  hands  of  the  Editor-in-Chief  at  least  six  weeks  before 
the  next  mailing  of  the  Journal.  Returned  Journals  increase  expenses. 
No  attempt  will  be  made  to  send  out  again  a  copy  of  the  Journal  which 
has  been  returned  to  us  because  of  unsatisfactory  address. 

For  the  first  time  the  Journal  with  its  small  income  wTill  attempt 
to  subsidize  student  membership  by  allowing  students  who  have  paid 
their  dues  of  $2.00  to  receive  the  Journal.  The  Journal  will  be  sent  to 
only  those  students  who  have  paid  their  dues  of  $2.00  before  July  1 
and  whose  names  are  submitted  to  the  Editor-in-Chief  on  or  before  July 
10  by  the  Secretary-Treasurer  and  accompanied  by  $1.25  per  student. 
These  students  will  thereby  be  eligible  to  receive  the  Journal  at  this 
rate  for  one  year  beginning  with  the  July  issue.  Any  student  paying 
after  July  1  will  be  expected  to  pay  the  regular  senior  membership 
rate  in  order  to  receive  the  Journal. 

The  purpose  of  the  Journal  is  to  carry  papers  based  on  original 
research.  We  therefore  solicit  all  members  of  the  Academy  who  are 
doing  research  to  submit  articles  for  publication. 

The  Academy  is  indebted  to  Mr.  Joe  W.  Guthridge  for  so  gen¬ 
erously  donating  his  time  to  audit  the  books  of  the  Journal  and  to 
preparing  a  report  of  this  audit. 

Boyd  Harshbarger 

AUDIT  OF  THE  JOURNAL 

Dr.  Boyd  Harshbarger,  Editor 
The  Virginia  Journal  of  Science 
Blacksburg,  Virginia 

Dear  Dr.  Harshbarger: 

I  am  enclosing  a  copy  of  the  audit  which  I  made  on  the  Vir¬ 
ginia  Journal  of  Science,  and  also  a  statement  of  accounts  receivable. 

This  audit  consisted  of  a  checking  of  all  receipts,  expenditures, 
reconciliation  of  bank  statements,  verification  of  the  balance  with  the 
Farmers  and  Merchants  Bank  of  Blacksburg,  check  of  advertising 
against  those  printed  in  the  Journal,  and  verification  of  extra  page 
charges. 

I  found  that  all  of  the  accounts  of  the  Journal  were  correctly 
and  accurately  handled,  and  to  the  best  of  my  knowledge  and  belief, 


1952] 


Proceedings  1951-1952 


261 


the  enclosed  statements  represent  a  true  picture  of  the  operation  of 
the  Journal. 

I  would  like  to  call  to  your  attention,  as  I  believe  I  did  last  year, 
the  serious  delay  which  you  have  in  receiving  the  names  of  the  mem¬ 
bers  to  whom  the  Journal  is  to  be  sent.  As  I  understand  it,  these 
names  should  be  sent  to  you  before  the  January  Journal  is  issued,  but  in 
checking  the  records  I  find  that  you  received  no  accounting  from  the 
Secretary  of  the  Academy  until  February  3rd  and  then  there  was 
a  discrepancy  between  the  number  of  names  on  the  list  (651)  and  the 
check  for  $910.00  which  accompanied  the  list. 

I  feel  that  this  is  a  poor  sort  of  business  operation,  and  that 
definite  steps  should  be  made  to  insure  an  accurate  list  of  Academy 
members  and  a  check  covering  the  total  amount  due  the  Journal  in 
plenty  of  time  so  that  the  January  issue  can  be  mailed  without  delay. 

Joe  W.  Guthridge,  Auditor 
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OPERATION  STATEMENT  FOR  THE  FISCAL  YEAR 
VIRGINIA  JOURNAL  OF  SCIENCE 

Period:  May  7,  1951  to  May  5,  1952 


Receipts:  Total  for  the  Year 

Contributions  .  $  53.50 

Academy  Subsidy  . , . - .  1734.00 

Advertising  . . . . . . . .  414.25 

Alderman  Library  Subscriptions  . - .  300.00 

Other  Subscriptions  . . .  40.05 

Sale  of  Extra  Pages  .  514.94 

Reprints  .  15.20 

Sale  of  Extra  Copies  of  Journal  .  34.08 


Total  of  all  Receipts  . . .  $3106.02 


Expenditures:  Total  for  the  Year 

Reprints  . . .  $  106.80 

Journal  Printing  and  Engraving  . .  2540.15 

Postage  and  Mailing  Expenses  .  179.25 

Printing  of  Index  for  1950  and  1951  .  66.50 

Miscellaneous  . - . - . - .  3.00 

Transfer  to  Savings  Account  . . .  1500.00 


Total  of  all  Expenditures  .  $4395.70 

Statement  of  Cash  Account 

Balance  of  cash  at  beginning  of  year  . . . . .  $2608.32 

Add:  Total  receipts  for  year  . . .  3106.02 

Total  cash  on  hand  during  year  . . . .  5714.34 

Deduct:  Total  expenditures  for  year  .  4395.70 

Balance  of  cash  at  end  of  year  .  $1318.64 


Audited  by  Joe  W.  Guthridge,  May  8,  1952 


262 


The  Virginia  Journal  of  Science 


[  September 


REPORT  OF  THE  COMMITTEE 
ON  LOCAL  ARRANGEMENTS 

The  Committee  on  Local  Arrangements  for  the  thirtieth  annual 
meeting  of  the  Virginia  Academy  of  Science  was  drawn  from  the  host 
institutions  —  the  College  of  William  and  Mary  in  Virginia  and 
the  College  of  William  and  Mary-Virginia  Polytechnic  Institute  in  Nor¬ 
folk.  The  dates  for  the  meeting,  originally  scheduled  for  May  8,  9 
and  10,  1952  at  the  Hotel  Chamberlin,  were  later  changed  at  the  re¬ 
quest  of  the  Hotel  to  May  15,  16  and  17. 

The  Chairman  and  several  members  of  the  Committee  made  per¬ 
iodical  visits  to  the  Hotel  to  arrange  for  the  various  phases  of  the 
Academy  meeting.  Plans  for  the  meeting  of  the  Junior  Academy  were 
worked  out  in  conjunction  with  John  E.  Hocutt,  Chairman  of  the 
Seventh  Virginia  Science  Talent  Search,  and  Grover  W.  Everett,  Chair¬ 
man  of  the  Junior  Academy  of  Science  Committee 

Meeting  rooms  were  assigned  to  the  twelve  Academy  Sections, 
using  registration  figures  from  previous  years  as  a  guide  in  making 
the  most  equitable  use  of  available  space.  Every  effort  was  made  to 
meet  the  requests  for  equipment  received  from  the  various  Sections. 
In  this  connection,  it  is  strongly  urged  by  the  Committee  that  it  would 
be  a  less  burdensome  and  more  satisfactory  arrangement  if  each  Sec¬ 
tion,  through  its  Secretary,  *  was  made  responsible  for  providing  the 
necessary  projection  equipment  for  its  own  use. 

Exhibits  from  the  Junior  Academy  and  commercial  and  educational 
exhibits  sponsored  by  the  Senior  Academy  were  set  up  on  the  Sun 
Porch  and  in  the  Main  Lobby-  Commercial  exhibitors  included  American 
Tobacco  Co.;  Bausch  and  Lomb ;  Blakiston  Company;  Cardinal  Prod¬ 
ucts  Co.;  Carolina  Biological  Supply;  D.  VanNostrand  Co.;  Experi¬ 
ment,  Inc.;  Fisher  Scientific  Co.;  and  Phipps  and  Bird.  The  Virginia 
Fisheries  Laboratory  staged  an  educational  exhibit. 

The  College  of  William  and  Mary  held  a  Reception  at  the  Mar¬ 
iners’  Museum  on  Friday  afternoon,  May  16,  from  4 :00  P.  M.  to  6:00 
P.  M.,  during  which  time  some  two  hundred  and  fifty  guests  were 
in  attendance.  It  was  a  special  pleasure  to  have  with  us  in  the  receiv¬ 
ing  line  Mr.  Homer  L.  Ferguson,  Chairman  of  the  Board  of  Trustees 
of  the  Museum,  and  Mrs.  Ferguson. 

The  Academy  held  no  Banquet  at  this  meeting.  Plans  for  this 
event  had  been  included  in  the  General  Program  which  was  sent  to 
the  Journal  but  they  were  cancelled  at  the  request  of  President  Pat¬ 
terson  acting  on  the  authority  of  a  motion  passed  by  the  Council  at 
the  Academy  meeting  in  1950.  The  President  rightly  felt  that  this 
function  was  drawing  so  small  a  proportion  of  the  membership  as  to 
be  no  longer  a  truly  representative  activity  of  the  whole  Academy. 
A  later  arrangement  was  made  with  the  Hotel  for  dining  facilities 
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which  would  be  exclusively  reserved  for  those  in  attendance  at  the 
Academy  meeting,  and  although  this  necessitated  a  revision  of  the 
meeting-room  assignments  as  printed  in  the  General  Program,  the 
Committee  is  convinced  that  the  arrangement  was  a  most  desirable  one. 

The  income  from  the  meeting  was  more  than  sufficient  to  meet 
all  meeting  expenses  and  the  balance  will  accrue  to  the  Academy. 

The  Committee  records  its  sincere  appreciation  of  the  whole¬ 
hearted  cooperation  received  from  the  management  of  the  Hotel  Cham¬ 
berlin  in  making  all  necessary  arrangements  for  the  meeting.  The 
Chairman  gratefully  acknowledges  the  valuable  assistance  of  Edward 
S.  Harlow  and  Foley  F.  Smith  in  the  early  stages  of  the  work  of  the 
Committee,  and  sincerely  thanks  all  the  Committee  members  for  their 
continuous  help. 

W.  G.  Guy 


REPORT  OF  THE  VIRGINIA 
INSTITUTE  FOR  SCIENTIFIC  RESEARCH 

The  outstanding  accomplishments  of  the  Research  Institute  for 
the  past  year  have  been  the  purchase  of  several  major  pieces  of 
scientific  equipment  and  an  appreciable  increase  in  the  amount  of 
sponsored  research. 

The  Institute  since  its  beginning  has  been  seriously  handicapped 
by  the  lack  of  costly  research  equipment,  and  in  most  of  the  studies 
carried  out  in  the  past  the  metal  single  crystal  has  served  as  an  in¬ 
strument  for  investigating  the  mechanism  of  surface  reactions.  As  re¬ 
ported  last  year  the  Jeffress  Memorial  Foundation  had  offered  the 
Institute  $18,000  for  the  purchase  of  equipment  provided  an  equal 
amount  could  be  raised  elsewhere.  During  the  past  year  Mr.  Buford 
Scott  of  Richmond  generously  promised  to  help  raise  the  necessary 
amount.  One  industrial  concern  in  the  Richmond  area  made  a  sizable 
grant  for  the  purchase  of  equipment  which  would  be  of  specific  use 
in  their  research  studies,  and  another  company  in  the  Tidewater  area 
contributed  a  costly  lathe.  Although  $3,000  still  remains  to  be  raised  to 
match  completely  the  offer  of  $18,000,  yet  sufficient  funds,  including 
savings  from  the  operation  of  sponsored  projects,  have  been  available  to 
purchase  recently  an  X-ray  diffraction  unit,  a  Spinco  ultra-centrifuge, 
and  a  large  model  RCA  electron  microscope.  The  diffraction  unit  is 
especially  useful  in  determining  the  inner  crystal  structure  of  mate¬ 
rials,  the  electron  microscope  in  studying  the  surface  structure  of  solids 
and  the  size  and  shape  of  very  small  particles,  and  the  ultracentrifuge 
is  especially  useful  in  determining  the  molecular  weights  of  large  sized 
molecules  such  as  those  found  in  plant  and  animal  products.  These 


264  The  Virginia  Journal  of  Science  [September 

instruments  may  be  very  useful  in  the  future  to  research  laboratories 
in  this  region. 

Some  seven  or  eight  projects  have  been  carried  out  during  the 
past  year.  The  first  sponsored  project  undertaken  by  the  Institute,  a 
study  of  the  mechanism  of  bright  nickel  electroplating,  is  still  being 
continued.  A  major  undertaking  of  the  Institute  since  its  beginning  has 
been  the  growth  and  preparation  of  large  single  crystals  of  metals  in 
various  shapes  and  orientations  for  use  at  the  Institute  and  in  other 
laboratories.  This  work  has  steadily  grown  in  size,  and  plans  are  now 
under  way  for  increasing  the  crystal  growing  facilities.  Another  size¬ 
able  and  interesting  project  which  was  begun  last  fall  for  a  large  oil 
company  consists  of  the  study  of  the  reaction  used  in  the  manufacture 
of  hydrocarbons,  especially  synthetic  gasoline,  from  carbon  monoxide 
and  hydrogen.  A  study  has  recently  been  begun  for  a  local  concern 
of  the  separation  with  the  aid  of  the  centrifuge  of  the  different  mole¬ 
cular  weight  constituents  in  a  natural  farm  product.  Other  smaller  pro¬ 
jects  have  been  concerned  with  attempts  to  electroplate  titanium,  the 
new  wonder  metal,  and  with  a  continuous  process  for  the  manufacture 
of  metal  powders  used  in  powder  metallurgy.  At  the  present  time  the 
Institute  is  negotiating  for  several  additional  projects. 

During  the  winter  a  new  furnace  was  installed  in  the  building  at 
the  Institute’s  expense,  and  increased  facilities,  such  as  plumbing,  elec¬ 
trical  wiring,  and  laboratory  benches  have  been  added  to  the  laboratory. 

At  the  present  time  the  Institute  has  about  ten  employees,  a  few 
of  whom  such  as  the  stenographer  work  part  time.  The  Institute  is 
specially  indebted  to  Mr.  Robert  Kean  for  his  services  as  secretary 
and  treasurer.,  and  to  Mr.  Robert  Jeffress,  Mr.  Buford  Scott,  and  Mr. 
Edwin  Cox  for  their  assistance  in  raising  funds  for  the  purchase  of 
equipment.  All  members  of  the  Virginia  Academy  are  invited  to  visit 
the  Research  Institute  to  see  for  themselves  the  studies  which  are  now 
being  carried  out. 

Alan  T.  Gwathmey 


REPORT  OF  THE  COMMITTEE 
ON  ACTIVITIES  FOR  COLLEGIATE  MEMBERS 

The  Committee’s  main  activity  for  the  year  has  been  centered 
about  the  task  of  trying  to  stir  up  a  little  enthusiasm  for  the  1952 
meeting  of  the  Virginia  Academy  of  Science.  Members  of  the  Com¬ 
mittee,  located  at  some  eighteen  colleges  in  the  state,  were  contacted 
and  asked  to  talk  to  the  students  in  their  schools  about  attending  the 
meeting  of  the  Academy.  Due  to  the  apparent  lack  of  enthusiasm  and 
a  change  in  the  arrangements  at  the  hotel,  the  luncheon,  usually  held 
for  the  college  members,  has  this  year  been  cancelled. 
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The  one  bright  spot  in  the  year’s  activities  has  been  the  expressed 
intention  of  the  Hampden-Sydney  Chapter  of  Chi  Beta  Phi  to  affiliate 
with  the  Academy  as  a  college  chapter.  This  will  bring  to  three  the 
number  of  such  groups,  the  other  two  being  at  V.  M.  I.  and  V.  P.  I. 

It  might  be  wise  for  the  Executive  Committee  to  evaluate  the 
Committee  on  Activities  for  College  Members  and  give  to  the  Com¬ 
mittee  some  indication  of  what  its  purpose  should  be  and  to  what  ends 
it  might  apply  itself. 

Robert  P.  Carroll  and  Joe  W.  Guthridge 

REPORT  OF  THE  JAMES  RIVER 
PROJECT  COMMITTEE 

Efforts  of  the  Committee  during  the  past  year  have  been  devoted 
to  sale  of  the  Monograph.  In  March  1952  individual  letters  were  sent 
to  ninety-eight  members  of  the  Academy  distributed  widely  through¬ 
out  Virginia  and  adjacent  areas.  These  letters  asked  if  the  recipient 
would  undertake  to  sell  ten  copies  of  the  James  River  Monograph  to 
his  friends  and  associates.  Enclosed  with  each  letter  were  ten  stamped 
and  addressed  order  cards.  Nine  sets  of  cards  were  returned  by  the 
addressees,  for  various  reasons.  As  of  May  first,  four  volumes  have 
been  sold  by  this  method.  Mr.  Justus  PL  Cline  has  sold  thirty-two 
copies  in  the  communit}^  of  Stuarts  Draft. 

Herewith  is  a  statement  of  sales  and  expenditures  for  the  period 
May  1,  1951  to  April  30,  1952,  and  a  statement  of  total  distribution 


of  the  book. 

Summary  as  of  April  30,  1952 

Total  copies  distributed  as  of  April  30,  1951. .  381 

Balance  on  deposit,  Peoples  National  Bank, 

Lexington,  Va.  as  of  April  30,  1951  . . .  $1124.06 

Complimentary  copies  distributed  between 

May  1,  1*951  and  April  30,  1952  .  14 

Sold,  payment  received  at  $6.00  between 

May  1,  1951  and  April  30,  1952  . .  84  504.00 

Sold,  payment  due,  between  May  1,  1951 

and  April  30,  1952  . . . . . .  5  30.00 

Total  distributed  between  May  1,  1951 

and  April  30,  1952  . . . . . .  103 

Total  cash  received  between  May  1,  1951 

and  April  30,  1952  . . .  504.00 

Deposits  in  bank  between  May  1,  1951 

and  April  30,  1952  . . .'.... .  534.00 

Expenditures  charged  to  Monograph  account  between 

May  1,  1951  and  April  30,  1952  .  126.16 
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Net  balance  in  Peoples  National  Bank  from  sales 

May  1 ,  1951  to  April  30,  1952  . . . . .  407.84 

Total  balance  in  Peoples  National  Bank  from  sales 

May  11,  1950  to  April  30,  1952  .  $1531.90 

Total  copies  distributed  May  11,  1951 

to  April  30,  1952  . . . . .  484 


Marcellus  H.  Stow 


REPORT  OF  THE  COMMITTEE  ON  SCIENCE 
TEACHING  IN  VIRGINIA  SCHOOLS 

The  Committee  on  Science  Teaching  in  Virginia  Schools  has  held 
two  meetings.  One  of  these  was  held  on  January  16.  At  this  meeting 
plans  were  made  for  several  studies. 

Professor  Percy  Warren  of  Madison  College  reported  that  he  al¬ 
ready  had  underway  a  study  related  to  the  interests  of  the  Committee. 
The  Committee  gave  him  some  suggestions  for  enlarging  his  study.  His 
study  will  deal  with  teaching  assignments  of  science  teachers  in  the 
high  schools  of  the  State  as  well  as  preparation  of  science  teachers. 

Mr.  John  B.  Chase,  Jr.,  an  instructor  in  the  Department  of  Edu¬ 
cation,  University  of  Virginia,  agreed  to  undertake  a  study  of  certifi¬ 
cation  of  science  teachers.  He  agreed  to  find  out  the  requirements  in 
other  states  and  to  ascetain  the  views  of  school  superintendents  in 
Virginia  as  to  desirable  certification  requirements. 

Mr.  Lankford  reported  that  he  has  a  student  pursuing  a  thesis 
for  a  Master’s  degree  which  deals  with  science  offerings  in  Virginia 
high  schools  and  pupil  elections  of  science  courses.  He  promised  to 
communicate  with  this  student,  Mr.  Philip  Peterson,  and  urge  him  to 
complete  the  study  and  to  make  his  findings  available  to  the  Committee. 

Mr.  James  W.  Cole  was  asked  to  explore  possibilities  of  inter¬ 
esting  Virginia  industry  in  contributing  financially  to  the  work  of 
the  Committee. 

The  second  meeting  of  the  Committee  on  Science  Teaching  in 
Virginia  Schools  was  held  on  April  29.  At  this  meeting  Mr.  Warren 
reported  considerable  progress  on  his  study  and  his  acceptance  of  an 
invitation  to  present  a  preliminary  report  of  it  at  the  Old  Point  meet¬ 
ing  of  the  Academy  of  Science.  Mr.  Cole  reported  that  he  had  talked 
with  some  representatives  of  Virginia  industry  and  found  them  inter¬ 
ested  in  the  Committee’s  work.  The  Committee  felt,  however,  that  any 
request  of  Virginia  industry  for  financial  assistance  should  come  through 
the  Academy  in  order  to  avoid  duplication  of  appeals.  In  particular, 
it  was  thought  that  if  the  Committee  decided  later  to  publish  some  of 
its  finds,  financial  assistance  would  be  needed  at  that  time. 
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Mr.  Chase  reported  that  he  had  completed  his  study  to  certification 
requirements  in  other  states  and  had  begun  distribution  of  a  question¬ 
naire  to  superintendents. 

Mr.  Peterson  reported  that  he  expects  to  complete  his  study  during 
the  summer. 

The  committee  expects  to  meet  again  in  October,  at  which  time  it 
is  anticipated  that  the  three  studies  under  way,  by  Mr.  Warren,  Mr. 
Chase  and  Mr.  Peterson,  will  be  completed. 

It  was  recommended  by  the  Committee  that  we  ask  the  Finance 
Committee  of  the  Virginia  Academy  of  Science  for  an  appropriation  of 
fifty  dollars  to  be  used  to  pay  the  costs  of  the  research  studies  which 
could  not  reasonably  be  borne  by  the  individuals  making  the  studies. 

F.  G.  Lankford,  Jr. 
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Minutes  of  the  Thirtieth  Annual  Meeting  of 
The  Academy  May  16, 1952 

A  meeting  of  the  Academy  was  held  in  the  Roof  Garden  of  Hotel 
Chamberlin  Friday,  May  16,  1952,  at  8:00  p.  m.  President  Paul  M. 
Patterson,  presided,  and  introduced  President  A.  D.  Chandler,  of  the 
College  of  William  and  Mary,  to  welcome  the  members  of  the  Academy 
on  behalf  of  the  Host  Institutions,  William  and  Mary  College,  and  the 
College  of  William  and  Mary  and  the  Virginia  Polytechnic  Institute  in 
Norfolk,  directed  by  Lewis  W.  Webb,  Jr. 

President  Patterson  presented  the  thanks  and  appreciation  of  the 
Academy  to  W.  G.  Guy,  as  Chairman  of  the  Committee  on  Local 
Arrangements,  for  its  excellent  and  painstaking  work  in  making  this 
meeting  a  success.  He  then  introduced  Dr.  Walter  Flory,  who  presented 
the  J.  Shelton  Horsley  award. 

Dr.  D.  R.  H.  Gourley,  Department  of  Pharmacology,  of  the  Uni¬ 
versity  of  Virginia  Medical  School,  won  the  award  on  two  papers  present¬ 
ed  before  the  Medical  Sciences  Section  of  the  Academy.  The  paper  was 
entitled  “The  Mechanism  of  the  Uptake  of  Radioactive  Phosphate  by 
Human,  Rabbit,  and  Chicken  Erythrocytes.”  Dr.  Gourley  gave  a  short 
resume  of  his  paper.  Doctors  R.  A.  Bradley  and  M.  E.  Terry  of  the 
Statistics  Department,  Virginia  Polytechnic  Institute,  received  Honorable 
Mention.  Dr.  Patterson  then  presented  Mrs.  Turbin  Jones,  the  Sponsor 
of  Miss  Harrell  of  Norfolk,  a  National  prize  winner  in  the  Science 
Talent  Search.  Miss  Harrell  was  presented  to  the  Conference,  and  gave 
a  synopsis  of  her  essay. 

Dr.  E.  C.  L.  Miller,  Secretary-Treasurer  Emeritus  of  the  Academy, 
was  presented  to  the  audience,  and  was  followed  by  Dr.  Raymond  Taylor, 
Assistant  Executive  Secretary  for  the  American  Association  for  the 
Advancement  of  Science,  who  made  a  few  remarks  about  the  affiliation 
of  the  Virginia  Academy  with  the  AAAS.  Dr.  Guy  W.  Horsley,  Chairman 
of  the  Nominating  Committee,  presented  the  report  of  that  committee. 

It  was  moved,  seconded,  and  passed  that  the  report  be  accepted, 
and  the  following  officers  were  declared  elected: 

President — Lloyd  C.  Bird. 

President-Elect — Allan  T.  Gwathmey. 

Sidney  S.  Negus — Councillor  to  1957. 

Walter  S.  Flory — Councillor  to  1954,  the  unexpired  term  of  John 
N.  Buck. 

Dr.  E.  C.  L.  Miller — Secretary-Treasurer  Emeritus. 

Foley  F.  Smith — Secretary-Treasurer. 
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It  was  moved;  seconded;  and  passed  that  the  secretary  be  instructed 
to  cast  a  unanimous  vote;  and  the  new  officers  were  installed  by  Dr. 
Patterson. 

Ladley  Husted  gave  the  Resolutions  Committee  report.  This  report 
was  adopted  and  will  follow. 

Bruce  Reynolds  made  the  report  for  the  Place  of  Meeting  Committee; 
and  recommended  that  the  invitation  of  the  Virginia  Military  Institute, 
Lexington,  be  accepted  as  the  meeting  place  for  the  Academy  in  1953. 
It  was  moved,  seconded,  and  passed  that  the  invitation  be  accepted. 

There  being  no  further  business,  the  speaker  of  the  evening  was 
introduced  by  Dr.  Patterson;  Professor  E.  Newton  Harvey,  Princeton 
University,  who  gave  an  interesting  talk  on  the  phenomena  of  “Biolu¬ 
minescence.” 

Foley  F.  Smith,  Secretary 

REPORT  OF  THE  RESOLUTIONS  COMMITTEE 

Be  It  Resolved ,  that  the  Virginia  Academy  of  Science  pays  tribute 
to  the  memory  of  esteemed  members  lost  by  death  during  the  year  past: 
E.  T.  Betten,  T.  Wood  Campbell,  Earl  K.  Fischer,  H.  Hiter  Harris, 
Charles  L.  Reed,  P.  L.  Reed. 

Be  It  Further  Resolved,  that  the  Virginia  Academy  of  Science 
records  its  grateful  appreciation  to  the  sponsors  of  this  the  thirtieth 
annual  meeting — The  College  of  William  and  Mary,  and  the  Norfolk 
Division  of  the  College  of  William  and  Mary  and  the  Virginia  Polytechnic 
Institute. 

Be  It  Further  Resolved,  that  the  Virginia  Academy  of  Science 
commends  the  Local  Committee  on  Arrangements,  under  the  leadership  of 
Mr.  William  G.  Guy,  for  making  possible  a  most  successful  meeting. 

Be  It  Further  Resolved,  that  the  Virginia  Academy  of  Science 
expresses  its  appreciation  of  the  part  John  Hocutt,  Grover  Everett, 
and  the  host  institutions  have  played  in  furthering  the  interests  of  the 
Science  Talent  Search  and  the  Junior  Academy. 


Ladley  Husted 
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TABULATION  OF  REGISTRATION 


Section 

Academy 

Members 

Non-Members 

Total 

1.  Agricultural  Sciences  . 

14 

6 

20 

2.  Astronomy,  Mathematics 

and  Physics  . . . 

23 

33 

56 

3.  Bacteriology  . 

10 

16 

26 

4.  Biology  . 

72 

25 

97 

5.  Chemistry  . 

60 

43 

103 

6.  Education  . 

5 

2 

7 

7.  Engineering  . 

10 

11 

21 

8.  Geology  . 

20 

7 

27 

9.  Medical  Sciences  . 

21 

7 

28 

10.  Psychology  . 

18 

9 

27 

11.  Science  Teachers  . 

14 

9 

23 

12.  Statistics  . 

18 

11 

29 

No  designated  Section  . 

12 

55 

67 

287 

234 

521 

Junior  Academy  Registration  ... 

180 

TOTAL  REGISTRATION  ... 

701 
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1952]  Proceedings  1951-1952 

Meeting  of  the  Council  Saturday,  May  17,  1952 

Members  of  the  Council  were  breakfast  guests  of  Lloyd  C.  Bird, 
Hotel  Chamberlin,  at  9:00  a.  m.,  Saturday,  May  17,  1952.  President 
Lloyd  C.  Bird  presided  at  the  business  meeting  following  breakfast. 
Present  were:  Walter  Flory,  I.  G.  Foster,  President-Elect  Allan  T. 
Gwathmey,  Boyd  Harshbarger,  Guy  W.  Horsley,  Ladley  Husted,  E.  C. 
L.  Miller,  Secretary-Treasurer  Emeritus,  Sidney  S.  Negus,  Paul  M. 
Patterson,  Marcellus  Stow,  and  Foley  F.  Smith. 

The  scholarships  which  were  given  by  the  various  State  Institutions 
for  the  winners  of  the  Science  Talent  Search  were  discussed  from  a 
standpoint  of  having  them  continuing  past  the  first  year,  provided  the 
holder  completed  his  work  satisfactorily.  It  was  decided  that  the  admini¬ 
strations  for  the  various  colleges  which  offer  the  scholarships  would  be 
continued  to  see  if  the  scholarships  could  not  be  made  continuing  under 
those  conditions,  and  if  they  could  be  offered  as  continuing  scholarships, 
rather  than  for  one  year  only. 

After  discussion,  it  was  decided  to  streamline  the  Academy  Confer¬ 
ence  meeting,  by  eliminating  those  committee  reports  which  are  infor¬ 
mative  only,  since  they  will  be  published  in  the  Proceedings.  Only  those 
reports  that  require  action  or  discussion  by  the  Conference  would  be 
given  at  this  meeting,  which  would  materially  shorten  this  session  of  the 
Annual  Meeting — one  which  is  becoming  quite  lengthy,  due  to  the  in¬ 
creased  number  and  length  of  Committee  reports. 

The  Secretary  was  instructed  to  write  a  letter  of  thanks  to  Mr.  and 
Mrs.  Homer  Ferguson  for  their  participation  in  the  reception  given  the 
Academy  at  the  Mariners  Museum  on  Friday,  May  16. 

It  was  decided  to  hold  the  next  meeting  of  the  Council  sometime 
during  October  1952. 

There  was  further  discussion  concerning  changing  the  present  fiscal 
year  of  the  Academy  to  correspond  with  the  calendar  year.  It  was  decided 
further  consideration  would  be  given  the  problem  and  no  official  action 
was  taken  at  this  time. 

It  was  moved,  seconded,  and  passed  that  the  J.  Shelton  Horsley 
Award  be  increased  to  $100.00  from  the  present  sum  of  $50.00. 

Dr.  Guy  Horsley  discussed  the  possibility  of  raising  funds  to 
establish  another  Endownment  fund  for  the  Academy,  the  income  of 
which  would  be  used  exclusively  for  the  general  expenses  and  operation 
of  the  Academy.  It  was  moved  and  passed  that  Dr.  Horsley  further  in¬ 
vestigate  the  possibility  of  raising  the  money  to  establish  such  a  fund. 

President  Patterson  expressed  his  thanks  to  the  Council  for  their 
aid  during  his  administration. 

There  being  no  further  business  the  meeting  adjourned  at  10:10 

a.  m. 

Foley  F.  Smith,  Secretary 
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Minutes  of  the  Council  Meeting  Charlottesville , 
February  10,  1952 

A  meeting  of  the  Council  was  called  by  President  Patterson,  and 
held  in  Room  3,  of  Miller  School  of  Biology,  University  of  Virginia, 
Charlottesville,  at  1  p.  m.,  February  10,  1952. 

President  Patterson  called  the  meeting  to  order  with  the  following 
members  present:  President-Elect  Lloyd  C.  Bird,  Horton  H.  Hobbs,  Jr., 
Ladlev  Husted,  Guy  W.  Horsley,  Boyd  Harshbarger,  I.  G.  Foster, 
Marcellus  Stow,  J.  T.  Baldwin,  Jr.,  L.  W.  Jarman  and  Foley  F.  Smith. 

President  Patterson  noted  that  it  would  be  necessary  for  the  Nomi¬ 
nating  Committee  to  nominate  an  additional  Councillor  for  Allan 
Gwathmey  and  another  interim  appointment  for  Victor  Tiedjens. 

It  was  noted  that  travelling  expenses  for  Foley  F.  Smith  were 
authorized  by  the  President  to  attend  the  Diamond  Jubilee  American 
Chemical  Society,  in  New  York,  in  September,  1951. 

Marcellus  Stow  was  commended  for  his  excellent  compilation  of  the 
chronological  data  concerning  the  James  River  Basin  project.  Dr.  Stow 
presented  a  bound  volume  for  the  archives  of  the  Academy. 

Dr.  Stow  also  gave  a  report  on  the  Long  Range  Planning  Committee^ 
and  presented  the  list  of  members  of  the  Committee  appointed  for  the 
“Study  of  High  School  Science  Teaching.”  He  reported  that  this  com¬ 
mittee  was  functioning  under  the  Chairmanship  of  F.  G.  Langford. 

Dr.  Stow  next  gave  a  report  on  the  proposed  Dismal  Swamp  Study. 

J.  T.  Baldwin,  Jr.,  of  the  William  and  Mary  Biology  Faculty, 
agreed  to  accept  the  Chairmanship  of  this  project,  provided  the  study 
would  be  made  on  a  strictly  scientific  basis,  and  that  a  complete  study 
in  all  phases  be  made  which  could  be  developed  into  a  scientific  treatise. 
It  was  moved,  seconded,  and  passed  that  such  a  project  as  outlined  by 
Dr.  Stow  and  Dr.  Baldwin,  concerning  the  study  of  the  unique  area  of 
the  Dismal  Swamp  be  undertaken  by  the  Academy,  and  recommended 
that  the  committee  proceed  with  details  of  the  investigation  of  what 
could  be  done. 

Mr.  Jarman  led  a  discussion  concerning  the  necessity  for  a  detailed 
study  to  be  made  covering  the  history  of  past,  present,  and  future  State 
Science  Talent  Search  winners. 

The  question  of  increasing  the  budgets  for  the  Science  Talent 
Search,  Junior  Academy  of  Science  Committee,  and  the  Speakers  Bureau 
was  discussed  at  length.  President  Patterson  also  requested  that  the 
Annual  AAAS  Council  and  the  Academy  Conference  meetings  be  report¬ 
ed  by  the  Virginia  Academy  of  Science  representative  at  the  May  meet¬ 
ing. 
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Dr.  Boyd  Harshbarger  made  a  report  to  the  Virginia  Journal  of 
Science  in  which  he  proposed  a  new  status  for  Student  Membership. 
This  report  follows: 

Report  of  the  Editor-in-Chief  of  the  Virginia  Journal  of  Science 

to  the  Council 

Gentlemen : 

For  the  benefit  of  the  group  I  would  like  to  again  summarize  the 
methods  used  in  mailing  the  Journal. 

1.  In  January  the  Secretary  will  give  to  the  Editor-in-Chief  the 
names  of  members  who  have  paid  their  dues  for  the  current  year.  This 
list  is  accompanied  by  a  check  amounting  to  $2.00  for  each  of  the  paid 
members.  No  January  mailing  will  be  made  until  the  list  has  been  sub¬ 
mitted  and  check  received.  All  addressograph  plates  are  pulled  except 
those  on  this  list. 

2.  No  additional  mailings  are  made  until  issue  No.  2  of  the  Journal 
is  released.  At  that  time  Journals  are  sent  to  all  on  the  original  list 
and  also  to  new  members  and  old  members  who  have  paid  up  their  dues. 
The  additions  to  the  original  list  must  be  accompanied  by  a  check  of 
$2.00  for  each  name  added.  Back  copies  of  the  Journal  are  sent  to 
new  members  and  to  those  who  were  in  arrears  at  the  previous  maiilng. 

3.  Future  issues  are  handled  in  the  same  manner. 

4.  The  secretary  will  submit  his  list  and  check  only  at  the  time 
of  mailing  at  the  15th  of  the  month  in  which  the  Journal  is  to  come  out. 
If  any  changes  from  this  date  are  necessary,  the  secretary  will  be  ad¬ 
vised  by  the  Editor. 

I  would  like  to  suggest  that  the  Academy  adopt  the  following: 

1.  That  the  student  membership  dues  be  raised  to  $2.00  a  year, 
payable  by  July  1. 

2.  That  the  Secretary  present  to  the  Editor  the  names  of  all  students 
who  have  paid,  together  with  $1.25  for  each  such  name. 

3.  Beginning  with  the  July  issue  all  Journals  would  be  mailed  to 
all  paid-up  students. 

4.  That  no  student  in  arrears  receive  the  Journal.  A  complete  new 
list  of  paid-up  student  members  would  be  supplied  to  the  Editor  by  the 
Secretary  on  July  1  of  each  year  with  a  check  of  $1.25  for  each  such 
member.  Any  student  not  on  the  July  1  list  wishing  to  join  the  Academy 
should  specify  for  which  year  he  wishes  to  receive  the  Journal.  No 
Journal  will  be  sent  out  to  any  student  member  unless  he  has  paid  in 
advance  and  the  $1.25  for  his  subscription  has  been  given  to  the  Editor. 

It  was  moved,  seconded,  and  passed  that  the  By-Laws  be  changed 
for  student  membership  to  conform  to  the  policy  enumerated  above. 

There  being  no  further  business,  the  meeting  adjourned  at  4:20 
p.  m. 


Foley  F.  Smith,  Secretary 
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Minutes  of  the  Junior  Academy  of  Science 
Business  Meeting 


The  meeting  was  called  to  order  by  President  Raymond  Kirby,  of 
Norview  High  School,  Norfolk. 

The  minutes  of  the  previous  meeting,  read  by  the  secretary.  Tommy 
Thompson  of  Hampton  High  School,  were  approved. 

The  reports  of  the  Business  Meetings  of  the  Junior  Academy  Com¬ 
mittee,  held  at  Lynchburg  College,  October  27,  1951,  and  at  Hotel 
Richmond,  February  9,  were  read. 

A  roll  call  of  Affiliated  Clubs  revealed  that  thirteen  were  in 
attendance. 

A  motion  was  made  from  the  floor  that  all  exhibits,  both  club  and 
individual,  must  be  entered  at  Open  Houses  and  be  on  their  list  of 
“eligibles”  in  order  to  qualify  for  being  judged  at  the  Annual  Meeting 
of  the  Virginia  Junior  Academy  of  Science.  The  motion  was  duly  second¬ 
ed  and  carried. 

(There  were  nine  eligible  Club  Exhibits,  and  28  Individual  exhibits 
on  display  for  the  judging  at  Hotel  Chamberlin). 

The  following  officers  were  elected  to  serve  during  1952-1953: 

President — Claude  Barfield,  Newport  News  High  School, 
Newport  News,  Virginia. 

President-Elect — Erven  Tyler,  Hampton  High  School,  Hamp¬ 
ton,  Virginia. 

Secretary — Charles  Chamberlayne,  Norview  High  School, 
Norfolk,  Virginia. 

An  announcement  was  made  that  Mr.  Grover  Everett  had  resigned 
as  Chairman  of  the  Junior  Academy  of  Science  Committee  because  he 
would  be  out  of  the  State  during  the  coming  year.  Mrs.  Thelma  C. 
Heatwole,  Wilson  Memorial  High  School,  Fishersville,  will  serve  as 
Chairman  for  the  year. 

Adjournment. 
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Virginia  Junior  Academy  of  Science 
Dinner  Meeting 

About  250  Junior  and  Senior  Academy  members  were  present. 
Presiding — Raymond  Kirby,  President,  Norview  High  School,  Norfolk. 
Recognition  of  Guests  and  Officers.  Recognition  of  incoming  officers. 

Welcome  Address — Dr.  Paul  M.  Patterson,  President  of  Virginia 
Academy  of  Science. 

Granting  Awards  for  Junior  Academy  Exhibits — Mr.  Grover 
Everett,  Chairman,  Virginia  Junior  Academy  of  Science  Committee.  The 
list  of  award  winners  is  contained  in  the  Report  of  the  Committee  of  the 
Junior  Academy  of  Science. 

Granting  Awards  to  Virginia  Science  Talent  Search  Winners  and 
Honorable  Mentions — Dr.  J.  E.  Hocutt,  Chairman  Virginia  Science 
Talent  Search. 

Speaker  of  the  evening — Dr.  William  A.  Kep'ner,  University  of 
Virginia. 
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Minutes  Of  The 

Section  of  Agricultural  Science  [1] 

E.  M.  Dunton,  Jr.,  Chairman 
R.  C.  Carter,  Vice-Chairman 
T.  J.  Nugent,  Secretary 
Wesley  P.  Judkins,  Section  Editor  (1956) 

FRIDAY,  MAY  16,  1952  —  9:00  A.  M.  —  CHAMBERLIN  HOTEL 


1.  The  Relationship  of  Research  to  the  Vocational  Agriculture  Depart¬ 
ment. 

H.  W.  Sanders;  Virginia  Polytechnic  Institute ,  Blacksburg. 

Teachers  of  vocational  agriculture  in  the  public  high  schools  are 
dependent  upon  the  research  worker  for  technical  information.  This 
information  should  be  in  a  form  that  is  easily  understood,  it  should  be 
up-to-date,  and  it  should  be  adapted  to  the  area  in  which  it  is  to  be 
used. 

The  teacher  of  agriculture  constitutes  one  of  the  important  links 
between  the  research  worker  and  the  farmer.  In  1951-52,  there  were 
664  teachers  of  vocational  agriculture  in  Virginia,  teaching  a  total  of 
86,882  people,  including  7,419  veterans  in  the  institutional  on-farm  train¬ 
ing  program. 

Among  the  ways  whereby  teachers  and  research  workers  may  con¬ 
tinue  to  work  together  with  increasing  effectiveness  are  (1)  fuller 
participation  of  teachers  in  field  studies  of  research  workers,  (2)  a 
reduction  in  the  lag  between  the  time  results  of  research  become  known 
and  the  time  they  are  put  in  practical  use,  (3)  channeling  research 
findings  directly  to  the  teachers  as  well  as  to  other  groups,  thus  making 
all  research  results  available  to  those  who  can  use  them  in  the  least 
possible  time,  and  (4)  continuing  to  improve  the  form  of  presentation, 
emphasizing  the  practical  rather  than  the  technical. 

2.  The  Relationship  of  Research  and  Extension. 

L.  B.  Dietrick;  Virginia  Agricultural  Extension  Division, 
Blacksburg . 

Research,  Extension,  and  Resident  Instruction  are  all  members  of 
the  same  family.  The  parent  is  the  Land-grant  College  made  possible 
by  the  Morrill  Act  of  1862.  Land-grant  colleges  were  originally  es¬ 
tablished  largely  for  classroom  instruction.  They  set  a  new  departure  in 
education — the  education  of  the  many  instead  of  the  few. 

Limitation  of  subject-matter  brought  about  the  Hatch  Act  in  1887 
establishing  the  experiment  stations  to  find  out  the  WHY  and  HOW 
and  to  extend  the  borders  of  knowledge.  This  was  followed  in  1914 
by  the  Smith-Lever  Act  establishing  the  Extension  Service  to  carry 
such  findings  to  the  field  and  to  assist  people  in  putting  the  results  of 
research  into  practice. 
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The  following  relationships  should  be  stressed: 

1.  Research  workers  must  find  the  facts  and  serve  as  the  source 
of  information.  The  function  of  the  Extension  Service  is  to  help  agricul¬ 
tural  people  put  the  results  of  research  into  practice. 

2.  The  research  worker  must  understand  the  problems  of  industry 
and  the  home.  The  extension  worker  can  bring  him  firsthand  infor¬ 
mation  on  this. 

3.  It  is  the  responsibility  of  both  Research  and  Extension  to  work 
together  and  carry  on  a  dynamic  program  to  meet  the  needs  of  the 
people. 

3.  The  Research-Extension  Team. 

H.  N.  Young;  Virginia  Agricultural  Experiment  Station, 
Blacksburg. 

Those  who  do  the  research  and  those  who  carry  its  results  to  the 
public  must  maintain  a  strong  research-extension  team  which  will  work 
together  to  the  mutual  advantage  of  each  and  in  the  interest  of  the 
public  welfare.  Those  who  do  the  research  must  (1)  maintain  well 
balanced  programs  which  are  directed  toward  present  and  future  prob¬ 
lems;  (2)  keep  their  programs  ahead  of  the  problems  which  seem 
likely  to  need  a  solution;  (3)  plan  their  work  so  that  reliable  conclusions 
may  result,  and  (4)  publish  the  results  promptly.  The  extension  worker 
must  (1)  keep  up  to  date  on  research  results;  (2)  report  accurately 
these  results;  (3)  demonstrate  and  adapt  research  results  to  local 
conditions  and  situations;  (4)  help  plan  the  research  program;  and 
(5)  assist  in  planning  and  conducting  experimental  demonstrations. 
Various  methods  for  closer  teamwork  between  research  and  extension 
were  discussed.  — Abstracted  by  T.  J.  Nugent. 

4.  The  Inter-Relationship  of  Agricultural  Research,  Education,  De¬ 
velopment,  and  Regulation. 

Parke  C.  Brinkley;  Virginia  Department  of  Agriculture,  Rich¬ 
mond. 

The  four  agencies — research,  education,  development,  and  law  en¬ 
forcement — were  discussed  as  a  team,  each  member  of  the  team  having 
his  own  harness  but  all  pulling  toward  the  same  goal.  Through  research, 
better  tools  are  found  with  which  to  work.  Through  education,  the  infor¬ 
mation  obtained  from  research  is  transmitted  to  the  farmers.  Through 
development,  the  producer  and  consumer  are  aided  by  better  food  pro¬ 
cessing,  transportation,  distribution,  and  retailing.  Law  enforcement 
polices  agriculture  to  prevent  unfair  practices  that  would  be  against 
the  interest  of  the  producer  or  consumer.  In  order  to  illustrate  how  the 
four  agencies  work  together  the  author  cited  the  Harrisonburg  egg 
project.  — Abstracted  by  T.  J.  Nugent. 

5.  The  Place  of  the  Soil  Conservation  Service  in  Virginia,  Agriculture. 

S.  W.  Bondurant;  Soil  Conservation  Service,  Richmond. 

(no  abstract  available) 
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6.  A  Study  of  the  Effects  on  Milk  Production  of  Zeolite  Process 

Softened  Water  when  Consumed  by  Lactating  Sows. 

G.  C.  Graf  and  C.  W.  Holdaway :  Virginia  Polytechnic  Institute, 
Blacksburg. 

Twelve  lactating  cows  were  divided  into  two  groups  which  received 
“hard”  water  and  “soft”  water  for  two  57  day  periods.  The  cows  were 
milked  twice  a  day  and  received  the  same  amount  of  alfalfa  hay,  corn 
silage,  and  grain. 

The  “hard”  water  consumed  by  the  cows  in  this  experiment  contain¬ 
ed  290  ppm.  of  total  hardness  and  the  “soft”  water  contained  less  than  1 
ppm.  of  total  hardness. 

The  total  feed  intake  of  the  two  groups  of  cows  was  equal. 

The  cows,  while  on  “hard”  water,  produced  33.0  pounds  of  milk, 

consumed  97.1  pounds  of  water  daily  and  gained  eight  pounds  of  body 

weight  per  cow  for  the  entire  period. 

The  cows,  while  on  “soft”  water  produced  33.2  pounds  of  milk, 

consumed  97.1  pounds  of  water  daily  and  gained  one  pound  of  body 

weight  for  the  entire  period. 

There  were  no  significant  differences  in  the  milk  production  and 
the  body  weight  changes  between  the  cows  on  “hard”  water  and  the 
cows  on  the  “soft”  water. 

7.  The  Effect  of  Feeding  Irradiated  Yeast  on  the  Blood  Calcium 

Level  of  Dairy  Cows. 

Paul  M.  Reaves,  J.  R.  Reed,  and  D.  C.  Newbill;  Virginia  Poly¬ 
technic  Institute,  Blacksburg. 

Previous  work  on  feeding  small  dosages  of  irradiated  yeast  to  dry 
cows  for  a  period  of  6  to  8  weeks  failed  to  reduce  the  incidence  of  milk 
fever.  Recently,  Ohio  research  workers  reported  that  massive  doses  of 
vitamin  D  fed  as  irradiated  yeast  for  4  or  5  days  previous  to  calving 
was  effective  in  preventing  milk  fever. 

The  plan  of  this  trial  was  to  use  cows  from  the  V.  P.  I.  Jersey  herd 
which  has  had  a  high  incidence  of  milk  fever.  These  cows  were  due  to 
calve  in  the  fall  of  1951.  They  were  to  be  fed  one-half  pound  daily  of 
irradiated  yeast  containing  64  million  units  of  Vitamin  D  per  pound,  for 
4  or  5  days  previous  to  calving  and  for  2  days  after  calving. 

Blood  samples  were  drawn  on  the  day  that  the  yeast  feeding  began 
and  on  the  following  days. 

There  was  an  increase  in  the  level  of  blood  calcium  after  3  to  5 
days  of  feeding  massive  doses  of  Vitamin  D.  The  results  give  an  in¬ 
dication  that  the  incidence  of  milk  fever  may  be  lowered. 

8.  The  Influence  of  Blossom  Removal  and  the  Method  of  Transplanting 

on  the  Rate  of  Runner  Formation  in  Strawberries. 

M.  M.  Parker;  Virginia  Truck  Experiment  Station,  Norfolk. 

The  removal  of  blossoms  and  small  green  fruit  from  newly  trans¬ 
planted  strawberries  produced  a  63  percent  increase  in  the  number  of 
runner  plants  when  a  prolific  plant  making  variety  was  used:  a  115 
percent  increase  in  a  variety  that  was  classified  as  an  intermediate  plant 
maker,  and  a  635  percent  increase  in  a  variety  that  was  a  shy  plant 
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maker.  The  data  were  taken  one  month  after  the  completion  of  harvest 
on  the  check  plots. 

Plants  set  with  the  roots  straight  up  and  down  in  the  soil  produced 
58  percent  more  runner  plants  three  months  after  transplanting  than 
those  that  had  the  roots  bent  at  right  angles  at  the  time  of  transplanting. 
Plants  set  with  the  roots  straight  but  with  one-third  of  the  root  system 
cut  off  at  transplanting  produced  20  percent  more  runner  plants  than 
those  set  with  the  roots  bent  over. 

9.  Report  on  the  Systemic  Control  of  Thrips  and  Leafhoppers 

Injurious  to  Peanuts. 

W.  L.  Howe  and  L.  I,  Miller;  Tidewater  Field  Station,  Holland . 

“Systox,”  a  phosphate  systemic  insecticide  known  chemically  as 
O,O-diethyl-0-2  (ethylmercapto)  -ethyl  thiophosphate,  applied  to  soil 
as  a  drench  before  planting  was  effective  against  tobacco  thrips, 
Frankliniella  fusca  (Hinds)  and  potato  leafhopper,  Empoasco  jabae 
(Harr.). 

Dilutions  of  2,  4,  8,  16  and  32  mis.  of  32  percent  “systox’’  per  liter  of 
water  were  applied  to  plots  1/660  Acre  in  size. 

Populations  of  immature  thrips  were  effectively  reduced  by  16  and 
32  ml.  dilutions  but  not  at  lower  dosages. 

Leafhopper  control  was  ineffective  at  the  2  ml.  dilution,  was  pro¬ 
gressively  better  at  higher  dosages,  and  nearly  perfect  at  the  16  and  32 
ml.  dilutions. 

A  reduction  in  pod  injury  by  the  southern  corn  rootworm,  Dia- 
brotica  undecimpunctata  howardi ,  Barber,  was  noted  at  the  higher 
“systox”  dosages.  A  low  infestation  rate,  prevented  a  critical  evaluation 
of  its  effectiveness. 

Small  necrotic  leaf  lesions,  of  non-parasitic  origin,  occurred  in  all 
the  seedlings  receiving  “systox.”  Injury  was  slight  at  the  lower  dilutions 
but  was  progressively  more  severe  as  dosage  increased.  The  leaf  lesions 
did  not  occur  after  the  middle  of  July.  More  brown  pod  stain  occurred 
in  plots  receiving  the  16  and  32  ml.  dilution  treatments  than  in  non- 
treated  plots. 

10.  Preliminary  Report  on  Systemic  Insecticides  for  Pest  Control 

D.  E.  Greenwood  and  R.  N.  Hofmaster;  Virginia  Truck 
Experiment  Station. 

(no  abstract  available) 

11.  A  Comparison  of  Two  Methods  of  Calculating  Yields  for  Experi¬ 
mental  Corn  Plots. 

R.  K.  Stivers,  W.  Skrdla,  T.  H.  Taylor,  M.  T.  Carter,  and  R.  D. 
Sears;  Virginia  Polytechnic  Institute,  Blacksburg. 

The  1950  and  1951  acre  yields  of  experimental  corn  plots  at  four 
locations  in  Virginia  were  determined  by  two  different  methods  of 
calculation.  In  one  method  the  moisture  percentage  in  the  grain  and  the 
weight  of  ears  were  used.  Weight  of  ears  to  make  a  bushel  of  shelled 
corn  containing  15.5%  moisture  was  taken  from  tables  adapted  from 
A.  A.  Bryan’s  work  and  from  work  done  in  Ohio.  The  second  method 
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involved  an  air  dry  sample  of  ears  that  had  been  weighed  at  harvest  and 
then  calculating  yields  for  each  plot  from  its  own  shelling  data.  The 
latter  method  resulted  rather  consistently  in  lower  average  calculated 
yields  in  both  years  at  all  locations  and  was  considered  the  standard  or 
more  nearly  accurate  procedure.  Although  there  is  a  real  difference  in 
the  yield  data  obtained  by  these  two  methods,  their  correlation  coeffi¬ 
cients  were  significantly  and  positively  correlated  in  both  1950  and  1951. 
The  regression  equations  for  these  two  methods  were  noticeably  different 
in  these  two  years. 

Higher  moisture  percentages  in  the  cob  probably  caused  lower  yields 
calculated  from  shelling  data  than  those  calculated  from  moisture  per¬ 
centage  and  weight  per  bushel  data  obtained  in  the  Corn  Belt. 

12.  Plybrid  Corn  Field  Plots  to  Check  Label  Statements  Attached  to 

Hybrid  Seed  Corn  Offered  for  Sale  in  Virginia. 

J.  W.  Midyette,  Jr.;  Virginia  Department  of  Agriculture, 
Richmond. 

A  satisfactory  method  has  been  developed  to  determine  the  accuracy 
of  label  statements  relative  to  the  hybrid  designation  of  seed  corn. 
Samples  collected  on  the  open  market  by  state  seed  inspectors  are  plant¬ 
ed  adjacent  to  an  authentic  check  of  the  same  hybrid.  The  checks  for 
closed-formula  or  privately  developed  hybrids  are  obtained  from  the 
producer.  For  open-formula  or  public-produced  hybrids  the  checks  come 
from  the  Virginia  Agricultural  Experiment  Station  and  the  Virginia  Crop 
Improvement  Association.  Three  replications  are  planted  and  comparisons 
are  made  throughout  the  growing  season.  The  following  characteristics 
are  considered:  1,  general  appearance,  2.  type  and  color  of  foliage, 
3.  type  and  color  of  tassels,  4.  color  of  silks,  5.  plant  and  ear  height, 
6.  resistance  to  disease,  7.  standability  and  lodging,  8.  type  of  shuck 
and  extent  of  covering,  9.  type  and  color  of  ear,  10.  type  and  shape 
of  kernels,  11.  color  of  cob,  and  12.  yield. 

On  the  basis  of  these  tests  and  other  data,  recommendations  are  made 
to  the  Commissioner  by  an  Advisory  Committee  composed  of  repre¬ 
sentatives  of  the  Seedsmen’s  Association,  Seed  Stocks  Organization, 
Virginia  Agricultural  Experiment  Station,  Virginia  Crop  Improvement 
Association,  and  independent  growers.  Action  may  then  be  taken  on 
lots  judged  to  be  misbranded. 

Business  Meeting  Section  of  Agricultural  Sciences,,  May  16,  1952 

At  the  close  of  the  speaking  program  the  annual  business  meeting 
was  held.  The  following  men  were  elected  to  hold  office  for  the  1952- 
1953  period. 

Chairman — T.  J.  Nugent,  Virginia  Truck  Experiment  Station,  Norfolk. 
Vice-Chairman — H.  Marshall  Clark,  Tidewater  Field  Station,  Holland. 
Secretary — R.  C.  Berry,  Virginia  Department  of  Agriculture,  Richmond. 
Section  Editor — Wesley  P.  Judkins,  Virginia  Polytechnic  Institute, 
Blacksburg. 
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Minutes  of  the  Section  of  Astronomy, 
Mathematics,  and  Physics  [2] 

B.  Z.  Linfeld,  Chairman 
S.  M.  Heflin,  Secretary 
I.  G.  Foster,  Section  Editor  (1956) 

FRIDAY,  MAY  16,  1952—10:00  A.  M.— BAYVIEW  ROOM, 
CHAMBERLIN  HOTEL 

1.  Mechanical  Properties  of  Thin  Films  of  Silver* 1. 

J.  W.  Beams,  H.  Morton,  and  W.  E.  Walker;  University  of 
V  irginia. 

In  the  stud^  of  the  mechanical  properties  of  thin  films  it  is  im¬ 
portant  to  apply  the  stress  uniformly  in  order  to  prevent  “tearing”  or 
other  forms  of  stress  concentration.  The  method  of  spinning  magneti¬ 
cally  suspended  rotors  in  a  vacuum  is  almost  ideal  for  this  kind  of 
investigation.2 

In  the  experiments  described  here  films  of  silver  of  known  thick¬ 
ness  were  electroplated  on  small  steel  rotors,  and  the  rotational  speed 
required  to  throw  them  off  of  the  rotors  was  measured.  The  tensile 
strength  was  then  computed  from  the  equation: 

4 II2  N~  R2p=  (T  -f  AR)/h  where, 

N  revolutions  per  second 
R  Radius  of  the  rotor 

p  density  of  the  film 

T  tensile  strength 

A  adhesion  of  the  film 

h  thickness  of  the  film 

It  was  found  that  the  tensile  strength  was  constant  over  the  thicker 
values  of  the  film  (approximately  22,000  pounds  per  square  inch)  but 
at  a  film  thickness  of  2  x  10~5  inches  it  suddenly  increased  by  a  factor 
of  ten  or  more. 


2.  Interferometer  Method  of  Measuring  Sedimentation  in  the 
Ultracentrifuge8. 

A.  Robeson,  N.  Snidow,  and  J.  W.  Beams;  University  of 
Virginia. 

Two  sector-shaped  cells  mounted  side  by  side  in  the  ultracentrifuge 
rotor  are  sealed  by  the  same  pair  of  quartz  windows.  Monochromatic 
light  from  a  timed  spark  is  split  into  two  beams,  one  of  which  passes 


2.  J.  W.  Beams,  J.  Lr.  Young-  and  J  W  Moore,  J.  App.  Phy.  17,886  (1949). 

1.  The  work  described  in  this  paper  was  supported  by  the  U.  S.  Navy 

Bureau  ot  Ordnance  under  Contract  NOrd-7873. 
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through  the  first  cell  containing  the  solution  where  sedimentation  takes 
place  while  the  other  passes  through  the  second  cell  which  contains 
the  solvent  only.  The  two  beams  then  are  recombined  to  form  inter¬ 
ferometer  fringes.  The  beam  splitter  consists  of  a  half  silvered  and  a 
full  silvered  mirror  with  their  silvered  surfaces  parallel.  The  beams 
are  recombined  by  a  similar  arrangement  except  the  two  surfaces  may 
be  slightly  tilted  with  respect  to  each  other.  By  proper  adjustment 
the  ultracentrifuge  cell  and  the  fringes  are  focused  sharply  on  the 
photographic  plate.  A  second  pair  of  cells  containing  the  solvent  only 
are  mounted  in  the  rotor  in  place  of  the  usual  dummy.  This  provides 
reference  fringes  from  which  the  fringe  shifts  due  to  sedimentation  are 
measured.  Strains  in  the  windows  are  approximately  compensated,  and 
high  precision  is  obtained. 

3.  An  Eight  Cell  Ultracentrifugal  Rotor. 

John  E.  Miller  and  Joseph  F.  Swingle;  University  of  Virginia . 

In  order  to  measure  the  sedimentation  or  flotation  rates  in  several 
samples  of  material  simultaneously,  a  centrifuge  rotor  with  eight  cells 
equally  spaced  around  the  rotor  was  developed.  The  radius  to  the 
center  of  each  cell  is  65  mm.,  and  the  rotor  spins  in  a  vacuum.  A 
synchronous  light  source  was  developed  which  consisted  of  a  magne¬ 
sium  spark  that  was  triggered  at  the  proper  time  to  send  the  light 
through  the  particular  centrifuge  cell  under  investigation.  The  magne¬ 
sium  spark  light  was  passed  through  a  monochromator,  and  the  sedi¬ 
mentation  or  flotation  rates  were  measured  by  means  of  an  interfero¬ 
meter.  The  number  of  samples  which  could  be  centrifuged  at  one  time 
is  increased  by  a  factor  of  four  without  lowering  the  precision  of  the 
measurements. 

4.  Electrical  Potentials  Produced  in  Conducting  Single  and 

Polycrystalline  Material  by  Centrifugal  Fields3 4. 

J.  W.  Beams;  University  of  Virginia. 

It  has  long  been  that  if  a  centrifugal  field  is  applied  to  an  elec¬ 
trolytic  solution  (galvanic  cell)  an  electric  potential  is  produced  be¬ 
tween  two  radial  distances  in  the  solution.  This  potential  decreases 
with  time  and  should  vanish  when  sedimentation  equilibrium  occurs. 
Recently,  Machines5  has  determined  the  transference  numbers  with 
high  precision  by  this  method.  In  the  present  work,  a  study  is  initiated 
on  the  radial  potential  produced  by  the  application  of  centrifugal  fields 
to  single  crystal  and  polycrystalline  conducting  materials.  The  appara¬ 
tus  is  a  modification  of  the  air  driven  vacuum  type  ultracentrifuge 
so  arranged  that  the  radial  potentials  may  be  measured  to  a  pre¬ 
cision  of  a  few  microvolts.  Since  the  potential  produced  by  the  centrifugal 
field  is  from  101  to  105  times  larger  for  electrolytic  conduction  than  for 
electronic  conduction  in  the  substances  under  investigation,  the  method 
distinguishes  between  the  two  types  of  conduction.  Also  a  measure 
of  the  magnitude  of  the  mobilities  of  the  ions  which  produce  the  con¬ 
duction  is  obtained. 


3.  Supported  by  Navy  Bureau  of  Ordnance  Contract  NOrd-7873. 

4.  This  work  was  supported  by  a  Navy  Bureau  of  Ordnance  Contract 
NOrd-7873. 

5.  Maclnnes,  Ann.  New  York  Acad.  Sci.  43,243  (1942);  Maclnnes  and  Ray; 
J.  A.  C.  S  71,2487  (1949). 
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5.  Acceleration  of  Electrons  by  Coupled  Resonant  Cavities. 

William  H.  McMaster  and  Glen  S.  Waterman;  University  of 
Virginia. 

For  the  acceleration  of  electrons  tc  energies  of  the  order  of  1  Mev 
a  linear  accelerator  has  been  constructed  by  coupling  together  two 
cylindrical,  doubly  reentrant,  resonant  cavities.  Each  cavity  is  powered 
by  a  Western  Electric  7C22  twin  triode  oscillator  operating  at  a  mean 
frequency  of  410  Mc/sec  and  is  fed  by  an  18  kv  square  pulse  of  6  mi¬ 
crosecond  duration.  This  accelerator  has  been  operated  with  a  thoriated 
tungsten  filament  electron  source  and  a  vacuum  arc  transmission  line 
which  gives  a  burst  of  electrons  of  aproximately  7  x  10-9  sec.  duration. 
The  tuning  of  the  two  oscillator-cavity  pairs  is  accomplished  by  samp¬ 
ling  the  fields  within  the  cavities  by  means  of  a  magnetic  loop  and 
feeding  this  sample  to  a  high  speed  synchroscope.  The  trace  on  the 
synchroscope  gives  the  envelope  of  the  energy  stored  in  a  cavity,  and 
the  cavity  is  turned  until  the  resonant  frequency  is  reached  where  the 
energy  stored  is  a  maximum  as  shown  on  the  synchroscope. 

6.  A  Problem  in  Differential  Equations. 

D.  R.  Carpenter;  Roanoke  College. 

In  the  designing  of  auditoriums  for  theaters  and  other  public 
buildings  it  has  been  common  practice  of  architects  to  elevate  the 
floor  at  the  rear  to  increase  the  total  clearance  of  the  line  of  vision 
from  the  seats  in  the  rear  to  a  focal  point  on  the  stage  or  screen;  also 
to  curve  the  floor  in  such  a  manner  as  to  distribute  the  total  available 
clearance  equally  among  the  rows  of  seats.  Architectural  schools  and 
offices  have  used  the  graphical  method  to  approximate  the  construction 
of  this  curve  although  it  has  proved  to  be  tedious.  The  purpose  of 
this  paper  is  to  derive  the  equation  for  constructing  this  curve  by 
analytical  methods. 

Rectangular  coordinates  were  used  for  obvious  reasons,  the  origin 
of  the  axes  being  at  the  focal  point  on  the  stage.  The  equation  was 
set  up  in  differential  form  by  letting  the  differential  of  x  (dx)  repre¬ 
sent  the  spacing  of  the  seat  rows  and  dx/k  represent  the  clearance  of 

each  row.  The  resulting  equation  is  y=^  In  —.  The  elevation  of  the 

k  ck 

focal  point  is  controlled  by  the  constant  c  and  the  slope  of  the  floor  by  k. 

7.  Group  Motion  and  Velocity  Dispersion  of  Red  Dwarf  Stars. 

Edward  R.  Dyer^  Jr.;  Leander  McCormick  Observatory,  Uni¬ 
versity  of  Virginia. 

Previous  investigations  of  the  motions  of  red  dwarf  stars  have  led 
to  anomalous  results,  which  are  attributed  to  the  effects  of  selection  in 
that  the  known  red  dwarfs  had  been  discovered  on  account  of  their 
conspicuous  proper  motion,  while  those  with  small  motions  had  re¬ 
mained  undetected.  In  1941  Vyssotsky  and  his  students  at  this  Ob¬ 
servatory  began  a  systematic  survey  of  objective-prism  plates,  on  which 
stars  of  a  given  type  can  be  recognized  by  their  spectra.  By  1949 
more  than  300  red  dwarfs  (spectral  type  dK8-dM5,  magnitude  8-12) 
had  bene  found,  about  half  of  which  were  previously  known.  The 
author  observed  the  remaining  170  at  the  Mount  Wilson  Observatory 
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in  1948-50.  A  preliminary  least-squares  solution  based  on  the  radial 
velocities  of  this  representative  sample  of  309  stars  led  to  the  following 
results: 

Solar  motion  (reflection  of  group  motion)  :  15±2  km/sec. 

Toward  Apex  at  Right  Ascension  (1950)  :  276±7° 

Declination  (1950)  :  +20±8° 

Velocity  Dispersion.  :  ±27  -  km/sec. 

These  values  tend  to  confirm  Vyssotsky’s  independent  result0  that  the 
red  dwarfs  behave  dynamically  like  the  normal  main-sequence  stars 
of  small  mass  that  they  are,  and  not  anomalously. 


8.  An  Apparatus  for  the  Demonstration  and  Study  of  Elastic  Scatter¬ 
ing  Phenomena  for  an  Advanced  Undergraduate  Laboratory. 

The  Class  of  ’51 -’52  of  the  Advanced  Undergraduate  Laboratory 
Course  in  Physics  at  the  University  of  Va. 

The  technique  of  using  simulated  potential  fields  by  means  of 
rubber  sheets  and  the  experimental  study  of  the  motion  of  particles 
in  such  potential  field  is  widely  known.  The  apparatus  to  be  described 
has  been  designed  and  constructed  in  order  to  study  by  simple  means 
some  of  the  mechanical  and  atomic  problems  of  scattering  of  particles 
by  potential  fields,  with  emphasis  on  Rutherford  scattering.  It  con¬ 
sisted  of  a  wooden  framework  holding  an  elastic  rubber  sheet,  the 
surface  of  which  has  basically  a  (constant)  form,  thereby  simulating 

(  R  ) 

a  repulsive  Coulomb  potential. 

Small  steel  balls  were  given  kinetic  energy  by  a  tubular  slide  tilted 
at  a  variable  angle  with  the  horizontal,  and  then  rolled  on  the  black 
rubber  surface  and  deflected  by  the  repulsive  potential  hill.  Strobo¬ 
scopic  pictures  of  the  rolling  ball  were  taken.  The  light  was  supplied 
by  a  type  648  A.G.R.  stroboscope.  Displacement,  velocity,  and  accelera¬ 
tion  as  a  function  of  time  could  be  read  directly  from  the  photographs. 
The  scattering  formula  were  quantitatively  checked,  and  the  succes¬ 
sive  dependence  of  the  scattering  angle  on  the  impact  parameter  and 
initial  kinetic  energy  was  studied. 

The  experiment  also  provides  a  means  to  introduce  the  student  to 
photographic  and  darkroom  techniques. 


Business  Meeting 

On  the  report  of  the  nominating  committee  the  following  officers 
of  the  section  were  elected  for  the  year  1952-1953: 

Chairman — S.  M.  Heflin,  Virginia  Military  Institute. 

Secretary — L.  W.  Webb,  Jr.,  The  College  of  William  and  Mary  and  the 
Virginia  Polytechnic  Institute  in  Norfolk. 

Section  Editor — I.  G.  Foster,  Virginia  Military  Institute. 


6.  Astrophysical  Journal  104,  239  (1946). 
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9.  Description  and  Performance  of  Precision  Scattering  Equipment7 8. 

K.  B.  Rhodes/  A.  J.  Allen,  J.  S.  Arthur,  R.  S.  Bender,  H.  J. 

Hausman,  L.  M.  Diana,  and  C.  J.  McDole;  University  of 
Pittsburgh. 

A  description  is  given  of  the  Precision  Scattering  Equipment  now 
in  use  at  the  University  of  Pittsburgh.  The  charged  particle  spectra 
of  several  elements  are  given  as  examples  of  performance  of  the 
apparatus.  The  charged  incident  particles  are  obtained  from  the  47- 
inch  cyclotron,  and  bymeans  of  a  6-tone  focusing  magnet,  are  directed 
into  a  remote  underground  room  through  an  8-foot  shielding  wall. 
The  underground  room  contains  the  scattering  chamber  and  two  simi¬ 
lar  7-ton  magnets.  The  energy  analyzing  magnet  directs  a  beam  of 
0.5  -  1.0  microampere  of  8-Mev  protons  with  an  energy  spread  of  +  10 
Kev  into  the  scattering  chamber  through  1 /16-inch  analyzing  slits. 
The  other  magnet  may  be  rotated  from  0°  to  150°  around  the  scat¬ 
tering  chamber  for  analysis  of  charged  particles  produced  by  nuclear 
reactions  in  the  target  which  is  mounted  in  the  scattering  chamber. 
Polonium  alpha  particles  were  used  for  calibrating  and  trimming  the 
magnets. 


10.  Angular  Distribution  of  Mu-Mesons  Scattered  in  Magnetized  Iron. 

Stephen  Berko;  Rouss  Physical  Laboratory,  University  of 
Virginia. 

Experiments  based  on  the  deflection  of  mesons  penetrating  a  mag¬ 
netized  block  of  iron  have  two-fold  interest.  They  provide  an  answer 
as  to  the  effective  vector  acting  on  charged  particles  passing  through 
a  ferromagnetic  medium;  second,  they  form  a  simple  technique  to  get 
the  positive  vs.  negative  momentum  spectrum  of  mesons.  In  previous 
experiments  which  show  that  the  macroscopic  B  is  the  effective  vector 
acting  on  the  mesons,  computed  corrections  had  to  be  made  for  the 
effect  of  multiple  scattering.  While  the  Italian  group9  successfully  sep¬ 
arated  particles  of  opposite  sign,  there  has  been  no  report  on  the  direct 
measurements  of  the  momentum  spectrum. 

In  the  experiment  to  be  described  the  differential  angular  distri¬ 
bution  due  to  multiple  scattering  in  a  block  of  iron  of  a  collimated 
meson  beam  was  observed  by  a  set  of  12  counters.  The  change  in  the 
distribution  curve  when  the  magnetic  field  was  turned  on  was  then 
observed.  This  enabled  us  to  account  for  multiple  scattering  in  a  direct 
experimental  way.  The  observed  effect  agrees  with  the  assumption  that 
B  is  the  effective  vector.  The  asymmetry  introduced  by  the  field  shows 
the  positive  excess  of  mesons. 


7.  Work  done  in  the  Sarah  Mellon  Scaife  Radiation  Laboratory  and  Assisted 

by  the  Joint  Program  of  the  Office  of  Naval  Research  and  the  Atomic  Energy 
Commission  and  the  Research  Corp.  1 

8.  On  leave  from  Virginia  Military  Institute,  Lexington,  Virginia. 

9.  F.  Rasetti,  Phys.  Rev.  66,1  (1944);  Bernardini,  et  al,  Phys.  Rev.  68, 
109  (1945). 
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11.  The  Pressure  of  Waves. 

L.  G.  Hoxton;  University  of  Virginia. 

It  is  well  known  that  the  pressure  exerted  by  plane  waves  on  a 
material  surface  is  equal  to  the  energy  density  in  the  waves,  when 
the  incidence  is  normal.  The  proof  of  this  may  be  made  very  short  if 
the  conception  of  standing  waves  is  introduced.  It  is  shown  that  the 
energy  stored  in  waves  trapped  between  two  parallel  reflecting  planes 
varies  inversely  as  their  separation,  so  that  external  forces  are  required 
to  keep  the  planes  in  place,  whence  follows  the  result.  Corresponding 
results  hold  for  waves  along  strings  and  over  surfaces.  The  method  is 
offered  for  its  possible  teaching  interest. 

12.  Study  of  Magnetic  Properties  of  Iron  Using  Electron  Diffraction 
Technique. 

David  F.  Cope;  University  of  Virginia. 

An  electron  optical  Schlieren  Effect  is  utilized  to  study  the  mag¬ 
netic  changes  of  pure  iron  at  high  temperatures.  In  a  low  voltage  elec¬ 
tron  microscope  using  two  magnetic  lenses  the  specimen  is  placed  be¬ 
tween  the  two  lenses,  and  its  image  is  formed  on  a  fluorescent  screen. 
Beyond  the  lens  system  is  placed  a  fine  mesh  copper  screen  whose 
position  is  adjusted  so  that  its  shadow  pattern  is  superimposed  upon 
the  image  of  the  specimen.  Both  images  are  magnified.  In  the  ab¬ 
sence  of  any  disturbance  of  the  electron  beam  the  undistorted  screen 
pattern  appears  as  a  network  of  regular  squares.  However,  any  dis¬ 
turbance  of  the  beam  distorts  these  shadow  patterns.  A  specimen  of 
iron  at  normal  temperatures,  being  magnetic,  will  deviate  the  electron 
beam  and  thereby  induce  distortions  in  the  shadow  pattern  of  the 
screen  mesh.  When  the  iron  is  heated  to  the  Curie  Point  it  changes 
from  a  ferromagnetic  to  a  paramagnetic  material,  and  the  disturbing 
influence  on  the  beam  is  reduced.  The  method  thus  provides  a  very 
sensitive  way  of  measuring  the  temperature  of  the  Curie  Point  corre¬ 
lating  the  temperature  measurements  with  observed  pattern  changes. 
Moreover,  other  magnetic  changes  in  the  specimens  may  be  detected. 

13.  Two  High  Current  Electron  Guns. 

D.  Rae  Carpenter,  Jr.10;  Virginia  Military  Institute. 

X-ray  spectroscopic  research  on  solid  state  problems  in  recent 
years  has  indicated  a  need  for  high  intensity  x-ray  beams.  To  secure 
such  beams  two  high  current  electron  guns  were  studied  for  possible 
use  in  x-ray  tubes.  One  design  was  that  of  Dr.  Oskar  Heil  of  Ohio 
State  University  and  the  other  was  of  a  type  described  by  Dr.  J.  R. 
Pierce  of  Bell  Telephone  Laboratories.  These  guns  produced  electron 
beam  currents  up  to  500  ma  at  beam  voltages  up  to  5  kv.  These  beams 
could  be  focused  on  a  target  in  focal  spots  from  5  to  25  mm.  in  diameter 
at  target  power  dissipations  up  to  3500  watts. 


10  Work  done  at  Cornell  University  in  partial  fulfilment  of  the  require¬ 
ments  for  the  degree  of  Master  of  Science. 
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14.  The  Scattering  of  High  Energy  Circularly  Polarized  Photons  by 

Polarized  Electrons. 

Forrest  P.  Clay  and  Frank  L.  Hereford;  University  of  Virginia. 

The  possibility  of  detecting  circularly  polarized  photons  through 
Compton  scattering  by  polarized  electrons  has  been  suggested  in  sev¬ 
eral  recent  theoretical  treatments.  Fano  describes  the  polarization  and 
intensity  of  an  incident  photon  by  a  four  vector  constructed  from  the 
Stokes’  parameters  and  the  scattering  of  this  photon  into  another  state 
by  a  4x4  matrix  relating  the  Stokes’  parameters  of  the  incident  and 
scattered  photons.  This  matrix  predicts  a  dependence  of  the  intensity 
of  the  forward  direction  Compton  electrons  produced  by  circularly 
polarized  photons  upon  the  spin  orientation  of  the  electrons  before  the 
scattering  collision.  We  have  investigated  this  result  experimentally 
by  observing  in  coincidence  the  forward  direction  Compton  electrons 
produced  in  magnetized  iron  foils  (2  of  26  orbital  electrons  polarized) 
by  positron-electron  annihilation  photons.  An  annihilation  photon  pair 
is  known  to  reflect  the  singlet  state  of  a  positron-electron  pair  prior 
to  annihilation.  Hence  the  two  photons  are  respectively  left  and  right 
or  right  and  left  circularly  polarized.  In  the  experiment  the  forward 
direction  Compton  electrons  were  detected  and  recorded  by  a  fast 
scintillation  counter  coincidence  circuit.  The  observed  dependence  of 
the  coincidence  counting  rate  upon  the  direction  of  magnetization  of 
the  iron  foils  was  slightly  greater  than  that  computed  using  Fano^s 
theory. 

15.  High  Energy  Neutron  Counting  with  Organic  Scintillation  Crystals. 

It.  E.  Garrett,  F.  L.  Hereford,  N.  D.  Mallory,  and  B.  W.  Sloope; 

University  of  Virginia. 

A  number  of  recent  investigations11  have  indicated  that  certain 
organic  crystals  and  liquids  scintillate  under  fast  neutron  bombard¬ 
ment.  We  have  observed  the  differential  pulse  height  spectrum  from 
a  number  of  such  phosphors  excited  by  2.5  Mev  monoenergetic  neutrons. 
The  neutrons  were  provided  from  the  bombardment  of  a  D3  P04  target 
with  250  Kev  deuterons  from  an  atmospheric  Van  de  Graaff  machine. 
Scintillations  deriving  from  the  recoil  protons  in  the  phosphors  were 
detected  by  an  RCA  5819  photomultiplier,  amplified,  and  analysed  by 
a  sliding  channel  type  differential  pulse  height  discriminator.  These 
data  will  be  presented  and  discussed.  Work  is  in  progress  on  the  ef¬ 
fects  of  multiple  scattering  of  the  neutrons  in  the  phosphors  and  non¬ 
linearity  of  the  pulse  height-energy  relation  for  the  recoil  protons. 

16.  A  Modified  Eagle  Mounting  for  a  Concave  Grating. 

J.  B.  Breazeale;  Virginia  Military  Institute. 

In  the  Eagle  mounting  for  a  concave  grating  three  adjustments 
must  be  made  in  moving  from  one  part  of  the  spectrum  to  another. 


11.  G.  Ew  Owen,  J.  Neiler,  and  L.  C.  L.  Yuan,  Phys.  Rev.  83,176  (1951). 
A  bibliography  appears  here. 

J.  E.  Francis,  P.  R.  Bell,  and  J.  C.  Gundlach,  Rev.  Sci.  Inst.  22,133  (1951). 
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The  grating  must  be  moved  toward  or  away  from  the  plate  holder, 
and  both  the  grating  and  plate  holder  must  be  rotated  about  a  vertical 
axis.  It  has  been  found  that  by  fastening  the  grating  and  plate  holder 
to  the  ends  of  two  rods  having  a  length  equal  to  the  radius  of  the 
Howland  Circle,  and  fastening  the  ends  together  to  form  a  hinge,  that 
the  instrument  will  remain  in  focus  when  it  is  shifted  from  one  spec¬ 
tral  region  to  another.  A  description  of  a  spectrograph  which  has 
been  built  using  this  modification  is  given.  It  was  found  that  the  in¬ 
strument  remained  in  good  focus  throughout  four  orders  of  the  visible 
region. 

17.  A  Photoelectric  Pyrometer. 

Walter  L.  Crider  and  J.  F.  Ryman;  Virginia  Polytechnic  Institute . 

This  pyrometer  was  built  to  supply  a  need  for  a  quick  reading, 
portable,  high  temperature  measuring  instrument  which  is  suitable 
for  use  with  a  recorder  and  a  furnace  temperature  controller.  The 
sensing  element  of  the  pyrometer  is  a  photoelectric  tube  having  a  very 
low  thermal  capacity,  which  is  used  with  a  stable  amplifier.  The 
power  may  be  supplied  from  any  110  volt  a.c.  line.  Reproducible  tem¬ 
perature  readings  to  ±  1%  were  obtained  over  the  range  of  the  instru¬ 
ment. 


18.  Uniformity  Measurement  of  Textile  Materials  by  Capacitance 

Variation. 

E.  J.  Bernet  and  D.  F.  Nieman;  Institute  of  Textile  Technology , 
Charlottesville. 

This  paper  is  a  brief  description  of  the  ITT  Uniformity  Analyzer 
and  its  application  in  the  textile  industry. 

The  textile  material  is  run  between  two  plates  of  an  electrical 
capacitor  and  as  such  forms  part  of  the  dielectric.  As  the  amount  of 
textile  material  in  the  measuring  capacitor  varies,  the  resultant  varia¬ 
tions  in  capacitance  are  sensed,  amplified,  and  used  to  drive  a  high 
speed  recorder  for  a  permanent  record  of  variations  in  weight  per 
unit  length. 

The  heart  of  the  instrument  is  a  modified  phase  shift  discriminator 
with  certain  novel  features  covered  by  the  patent  to  Bernet  et  al  of 
ITT.  Voltage  from  a  crystal  oscillator  is  capacitively  coupled  to  a  high 
“Q”  tank  circuit,  a  portion  of  whose  capacity  is  the  measuring  capacitor. 
When  variations  in  textile  material  cause  the  tank  to  turn  through 
resonance  the  difference  voltage  at  the  diode  outputs  traces  the  familiar 
“S”  curve  and  the  center  linear  portion  is  used  for  measurement. 
Sensitivity  is  10  to  15  x  10-14  farads  for  full  scale  deflection  or  about 
2  x  10-15  farads/volt. 

Materials  at  various  stages  in  processing  such  as  picker  lap,  sliver, 
roving,  and  yarn  are  tested  in  this  device. 
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19.  Recent  Experiments  in  Gas  Dynamics  Using  High  Rotational 
Speed  Techniques12. 

A.  R.  Kuhlthau  and  W.  E.  Myers;  Ordnance  Research  Laboratory , 
University  of  Va. 

Previous  experiments13  have  demonstrated  the  feasibility  of  using 
a  high  rotational  speed  concentric  cylinder  apparatus  for  the  study  of 
viscous  effects  in  a  rarefied  gas.  The  inner  cylinder  was  rotated  at  very 
high  speed  by  means  of  an  air  turbine  arrangement,  similar  to  that 
used  in  an  air  driven  vacuum  type  ultra-centrifuge.  The  outer  cylinder 
completely  surrounded  the  inner  cylinder  and  was  supported  coaxially 
with  it  so  as  to  constitute  a  torsion  balance.  This  complete  encircle¬ 
ment  of  the  rotor  gave  use  to  undesirable  boundary  conditions  due  to 
the  rotor  ends  which  added  complications  to  a  theoretical  analysis  of 
the  system.  Refinements  in  the  apparatus  will  be  described  and  re¬ 
sults  will  be  presented  which  establish  a  technique  for  eliminating 
these  end  effects.  A  comprehensive  comparison  between  theory  and 
recent  experiments  with  this  apparatus  will  be  made.  This  will  include 
all  pressures  ranging  from  what  is  normally  classified  as  molecular 
flow  upward  to  the  slip  region. 


20.  Newton’s  Interference  Fringes  From  Coated  Surfaces. 

H.  Y.  Loh;  Virginia  Polytechnic  Institute. 

The  Newton’s  interference  fringes  produced  by  various  surfaces, 
namely:  ellipsoid,  paraboloid,  and  hyperboloid  of  revolution  and  cir¬ 
cular  cone  are  discussed.  The  y  n  relationship  is  found  to  be  true  for 
all  these  cases  under  certain  conditions.  Interference  patterns  from 
some  of  such  surfaces  coated  with  highly  reflecting  films  are  shown. 
Some  applications  of  the  interference  fringes  are  discussed. 


21.  Television  Principles — A  Demonstration. 

Frederick  L.  Brown  and  Melvin  E.  Cruser;  University  of 
Virginia. 

A  stencil  is  scanned  mechanically  by  a  light  beam  passing  through 
a  scanning  disc  operated  by  a  synchronous  motor.  The  light  then  falls 
on  a  photoelectric  cell  connected  to  the  Z  terminal  of  a  DuMont  304-H 
oscilloscope,  thereby  varying  the  intensity  of  the  electron  beam.  By 
means  of  two  sweep  circuits,  the  electron  beam  is  made  to  traverse  the 
face  of  the  oscilloscope  in  synchronism  with  the  scanning  disc  so  that 
the  variations  of  intensity  reproduce  the  object  scanned.  The  system 
is  a  modification  of  the  one  discussed  by  Robert  E.  Benn  in  The  Amer¬ 
ican  Journal  of  Physics  for  October.  1949. 


12.  The  experiments  described  were  performed  in  part  at  the  University  of 
New  Hampshire  under  sponsorship  of  Office  of  Naval  Research  and  in  part 
at  the  University  of  Virginia  under  sponsorship  of  Contract  NOrd-7873. 

13.  Jour.  App.  Phys.  20,217,  (1949). 
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22.  A  Long  Period  Variable  Near  Mu  Pegasi. 

Harold  L.  Alden;  University  of  Virginia ,  Charlottesville. 

A  long  period  variable,  previously  unknown,  was  discovered  on 
plates  taken  with  the  26  inch  McCormick  telescope  17'  north  and  0m.9 
west  of  the  star  //.  Pegasi.  It  had  been  selected  as  a  reference  for  de¬ 
termining  the  trigonometric  parallax  of  a  near-by  star.  The  following 
season  it  was  invisible.  On  subsequent  plates  it  sometimes  appeared 
but  never  as  bright  as  on  the  initial  plate.  From  11  photo  visual  obser¬ 
vations  between  1943  and  1950  and  32  visual  observations  during  the 
last  two  oppositions,  the  period  was  found  to  be  337  days  with  a  maxi¬ 
mum  on  April  21,  1950.  When  brightest  the  variable  is  of  the  10-th 
magnitude,  just  visible  in  a  2  inch  telescope.  At  minimum  it  is  in¬ 
visible  in  the  26  inch  telescope,  giving  a  range  of  more  than  a  hundred¬ 
fold  in  the  visual  brightness.  The  mean  light  curve  is  characterized 
by  a  rapid  rise  to  a  narrow  maximum  and  a  more  leisurely  descent 
to  a  broad  flat  minimum. 

23.  Variation  of  Electrical  Conductivity  with  Crystal  Grain  Size. 

L.  G.  Hoxton;  University  of  Virginia u. 

Evidence  is  given,  in  the  case  of  nickel,  that  the  fine  grained 
structure  characteristic  of  drwn  wire  has,  in  general,  a  greater  conduc¬ 
tivity  than  that  of  single  crystals  and  coarse  grained  visible  crystalline 
structures.  The  multiplying  factors  are  often  greater  than  2  and  in¬ 
frequently  less  than  1.5. 


14.  This  work  is  part  of  that  done  under  N.  A.  C.  A.  Contracts  Nos  New- 
5831  and  6052. 
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Minutes  of  the  Section  of  Bacteriology  [3] 


William  A.  Dorsey,  President 
W.  French  Skinner,  Vice-President 
Miss  Adah  Corpening,  Secretary-Treasurer 
J.  Douglas  Reid,  Section  Editor  (1956) 


FRIDAY,  MAY  16  —  10:00  A.  M.  —  ROTUNDA  ROOM 


1.  Growth  Studies  on  Endamoeba  histolytica. 

E.  Clifford  Nelson;  Medical  College  of  Virginia. 

In  the  course  of  extract  medium  studies  relative  to  the  role  of 
various  ingredients  the  author  has  found  that  the  agar  slant  plays  an 
important  part,  partly  due  to  a  small  magnesium  content.  Tests  have 
been  made  of  a  variety  of  substances  to  see  if  they  can  serve  as  a  sub¬ 
stitute  for  agar.  In  the  course  of  testing  filter  paper,  cotton,  and 
paraffin  magnesium  was  supplied  in  the  form  of  phosphate  and  suc¬ 
cessful  replacement  of  the  agar  obtained. 


2.  A  New  Staining  Method  for  the  Rapid  and  Precise  Identification 
of  Anaplasma  in  Bovine  Blood. 

Major  W.  L.  Wallenstein;  University  of  Maryland. 

A  simple  contrast  stain  for  use  in  diagnosis  of  the  protozoan  disease 
of  cattle,  anaplasmosis,  is  described.  Both  thin  and  thick  smears  of 
blood  may  be  made  on  a  single  slide.  The  author  has  found  this  stain¬ 
ing  procedure  less  complicated  for  field  use  than  the  standard  Giemsa 
or  Wright  stains.  A  motion  picture  demonstrating  the  use  of  this 
staining  procedure  completes  the  presentation. 


3.  A  Serologic  Study  of  Serum  from  Suspected  Cases  of  Infectious 
Mononucleosis. 


Elsie  P.  Foxhall;  Laboratory  of  Virginia  Health  Department , 


Richmond. 


All  sera  showing  heterophile  agglutinins  by  the  Paul-Bunnell  and 
Davidsohn  tests  were  tested  by  the  Kolmer  Complement  Fixation  Test 
and  the  V.D.R.L.  Slide  Test  for  syphilitic  antibodies.  False  positive 
syphilis  serology  was  obtained  in  only  12%  of  the  specimens  with  the 
Kolmer  and  6%  with  the  latter  test.  The  author  suggests  that  the  small 
number  of  false  positives  may  be  due  to  the  cardiolipin-lecithin  anti¬ 
gen  used  in  the  serologic  tests. 
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4.  Experiences  of  the  Multiphasic  Screening  Program  from  a  Lab¬ 
oratory  Standpoint  in  Richmond.,  Virginia. 

William  A.  Dorsey  and  W.  J.  Williams;  City  of  Richmond  De¬ 
partment  of  Public  Health. 

The  authors  describe  the  problems  concerned  with  organizing  and 
handling  the  laboratory  part  of  a  “mass  screening”  program.  The 
laboratory  findings  are  briefly  discussed. 

5.  Water  Quality  Survey  of  the  Hampton  Roads  Shellfish  Area  1949- 
1950. 

William  G.  Gay;  Virginia  State  Department  of  Health ,  Norfolk. 

With  the  use  of  charts  the  author  discusses  the  areas  surveyed  in 
1949-1950.  It  is  concluded  that,  with  certain  exceptions,  the  tidal  waters 
of  Hampton  Roads  are  generally  of  better  bacterial  quality  than  they 
were  in  1934,  despite  a  large  increase  in  sewered  population.  This 
is  largely  due  to  the  construction  of  additional  sewage  treatment  plants 
in  this  area.  Continued  careful  operation  of  plants  is  considered  es¬ 
sential  for  maintaining  a  low  bacterial  density  in  the  waters  of  the 
Roads.  Potential  hazards  to  shellfish  areas  still  exist,  one  of  which  is 
the  unregulated  discharge  of  raw  sewage  from  ships  in  this  area. 
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Minutes  of  the  Section  of  Biology  [4] 

J.  D.  Andrews,  Chairman 
H.  G.  M.  Jopson,  Vice  Chairman 
Elmira  C.  Maurice,  Secretary 
Ladley  Husted,  Section  Editor  (1952) 

FRIDAY,  MAY  16  —  9:00  A.  M.  —  ROOF  GARDEN 

1.  Microincineration  Studies  of  Flahellula  mira ,  Schaeffer. 

Zoe  Wells  Carroll  Black;  Mary  Washington  College  of  the  Uni- 
sity  of  Virginia. 

Previous  reports  have  established  that  a  shift  of  iron  takes  place 
in  this  amoeba  when  it  is  passed  vertically  across  the  line  of  force  of  a 
magnetic  field  of  3500  gauss.  Microincineration  reveals  the  position  of 
iron  particles. 

This  work  has  been  extended  into  a  comparison  of  the  effective¬ 
ness  of  vertical  and  horizontal  motion  in  the  magnetic  field.  The  ver¬ 
tical  motion  is  shown  to  be  more  effective.  Exposures  for  different 
time  intervals  revealed  a  sudden  change  at  384  seconds  at  which  the 
migration  of  iron  within  the  cell  appears  to  be  produced. 

2.  The  Effects  of  Various  Environmental  Factors  on  the  Hatching  of 

Eggs  of  Plagitura  salamandra,  Holl,  1928  (Trematoda:  Plagiorchii- 

dae). 

Catherine  M.  Russell;  University  of  Virginia. 

Eggs  containing  cell  masses  obtained  from  gravid  Plagitura  sala¬ 
mandra  were  matured  in  vitro.  Matured  eggs  were  exposed  to  various 
chemicals,  chemical  mixtures,  amylolytic  enzymes,  as  well  as  extracts 
of  digestive  tracts  of  snails  (host  specific  and  non-specific). 

Hatching  was  accomplished  in  many  of  the  substances  tested.  The 
most  rapid  hatching,  resulting  in  the  liberation  of  active  miracidia, 
occurred  in  a  solution  of  KC1  having  a  pH  of  7.0. 

3.  Observations  on  Speciation  in  Anoetid  Mites. 

Roscoe  D.  Hughes  and  Caroline  O.  Goode;  Medical  College  of 
Virginia. 

Speciation  in  the  genus  Histiostoma  (Anoetidae)  is  related  to  length 
of  life  cycle,  habitat,  distribution,  chromosome  complex,  morphology, 
and  mode  of  reproduction.  Discussion  centers  around  twelve  species, 
only  one  of  which  has  been  previously  described.  Eleven  new  species, 
as  yet  unnamed,  are  described  —  eight  in  detail.  Of  particular  interest 
is  the  mode  of  reproduction  and  chromosome  complex.  No  bisexual 
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species  have  so  far  been  discovered  in  the  Anoetidae.  Three  of  the  twelve 
species  examined  are  thelytokous  with  diploid  number  of  10  (“Oak,” 
“Cheli,”  “Fuzzy”).  The  remaining  nine  species  are  definitely  arrheno- 
tokous  (H.  laboratorium  diploid  number  8,  “W.  Va.”  -  8(?),  “Hamp.” 
-16  (?),  “Barb”  -(6),  or  probably  arrhenotokous  (“Boss’-  8,  “Chick” 

-  6,  “Steve”  -(?),  “Dice”-  (?),  “Tex”-  (?)  ). 

4.  Cyperaceae  in  Liberia. 

E.  Nelmes  and  J.  T.  Baldwin,  Jr.;  Royal  Botanic  Gardens,  Kew, 
Richmond,  Surrey,  and  College  of  William  and  Mary, 

Eighty-one  —  possibly  eighty-three  —  species  and  five  varieties  of 
Cyperaceae  are  now  recorded  for  Liberia.  Some  of  these  sedges  ex¬ 
hibit  precise  ecological  preferences;  others  are  of  general  occurrence. 
Synonymy  is  given  for  the  various  taxa,  and  for  each  of  them  speci¬ 
mens  are  cited  and  full  collection  data  stated.  Keys  for  specific  and 
varietal  identifications  are  included.  Ten  species  are  illustrated. 

5.  Chromosomes  of  Hymenoxys. 

J.  T.  Baldwin,  Jr.  and  Bernice  M.  Speese;  Department  of  Bio¬ 
logy,  College  of  William  and  Mary. 

Thirty-five  collections  of  Hymenoxys  representative  of  both  sub¬ 
genera,  of  14  of  the  24  recognized  species,  and  of  five  varieties  have 
been  cytologically  examined;  seeds  were  supplied  by  K.  F.  Parker  who 
is  monographing  this  genus  of  Compositae 

Twelve  species  have  2 n  numbers  of  30;  H.  acaulis  has  2n  numbers 
of  60  in  three  varieties  and  of  30  in  another  variety;  H.  odorata  has  a  2n 
number  of  22.  Evidence  is  that  the  diploid  variety  of  H.  acaulis  should 
possibly  be  specifically  separate  from  the  tetraploid  varieties.  Chromo¬ 
some  morphology  promises  to  be  of  limited  value  in  drawing  lines 
between  taxa  in  Hymenoxys. 

H.  odorata  consists  of  annuals  closely  related  to  chromosomally  un¬ 
known  annual  plants  including  the  type  species  —  H.  anthemoides  — 
and  the  two  South  American  species.  If  it  should  be  discovered  that 
this  complex  of  annuals  generally  do  not  fit  into  the  basic  15-chromo¬ 
some  series  exhibited  by  the  majority  of  the  species  in  the  genus  (which 
is  predominantly  perennial),  further  taxonomic  revision  of  Hymenoxys 
would  be  requisite. 

6.  Chromosomal  Numbers  and  Morphology  of  Certain  Species  of  the 

Moss  Genus  Anomodon. 

Martha  Barber;  Hollins  College. 

In  the  study  of  five  of  the  six  species  of  the  genus  Anomodon  of 
North  America,  namely  tristis,  minor,  attenuatus,  rostratus,  and  vitic- 
ulosus,  it  was  found  that  the  haploid  chromosomal  number  in  each 
species  is  four.  The  cell  and  nuclear  sizes  do  not  correlate  directly 
with  the  comparative  plant  sizes.  The  differences  in  the  sizes  of  nuclei 
and  cells  in  the  different  species  suggest  the  possibility  of  polyploidy, 
but  none  occurred  in  the  species  studied. 
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7.  A  Preliminary  Report  on  the  Crayfishes  of  the  Atlantic  Slope 
from  New  Brunswick  to  South  Carolina. 

Horton  H.  Hobbs,  Jr.;  University  of  Virginia. 

Within  the  drainage  systems  emptying  into  the  Atlantic  Ocean 
between  New  Brunswick  and  the  Black  River  in  South  Carolina  are 
some  16  species  of  crayfishes  belonging  to  three  genera.  The  genus 
Procambarus  is  represented  by  three  species,  only  one  of  which  ranges 
north  of  the  Chowan  drainage  in  North  Carolina.  The  genus  Orconectes 
is  represented  by  five  species,  none  ranging  farther  south  than  the 
Chowan  system,  and  one  of  these  has  been  introduced.  The  genus 
Cambarus  is  represented  by  nine  species,  only  one  being  found  in  most 
of  the  drainage  systems  south  of  the  Hudson  River;  one  exclusively 
north  of  the  Hudson;  and  five  are  restricted  to  ranges  south  of  the 
Susquehanna  River. 

8.  A  Preliminary  Report  of  the  Mollusca  of  Hanover  County,  Vir¬ 
ginia. 

Paul  R.  Burch  and  John  B.  Burch;  Radford  College  and  Ran- 
dolph-Macon  College. 

Thirty-five  species  and  sub-species  of  snails,  four  species  of  slugs, 
and  six  species  of  bivalves  are  listed  for  Hanover  County,  Virginia,  with 
some  notes  on  distribution  and  ecology. 

Business  Meeting 

Officers  elected  for  1952-1953  were: 

Chairman  —  H.  G.  M.  Jopson,  Bridgewater  College. 

Vice-Chairman  —  Zoe  Wells  Carroll  Black,  Mary  Washington  College 
of  the  University  of  Virginia. 

Secretary  —  Vera  Baron  Rimsberg,  Longwood  College. 

Section  Editor  —  Robert  T.  Brumfield,  Longwood  College  (1957). 

9.  Notes  on  the  Life  History  of  the  Croaker,  Micropogon  undulatus. 

Dexter  S.  Haven;  Virginia  Fisheries  Laboratory. 

The  commercial  catch  of  croakers,  Micropogon  undulatus ,  in  Chesa¬ 
peake  Bay  has  declined  in  recent  years.  Since  1949  a  program  to  de¬ 
termine  possible  reasons  has  been  in  progress  at  the  Virginia  Fisheries 
Laboratory. 

Available  literature  on  the  croaker  shows  a  lack  of  basic  informa¬ 
tion  on  its  life  history.  Its  spawning  areas  have  never  been  delimited, 
and  its  eggs  have  never  been  identified  in  plankton  collections.  There 
is  little  information  on  its  migratory  habits  or  on  its  rate  of  growth. 
The  distribution  of  young  in  Chesapeake  Bay  is  also  poorly  known. 
A  cooperative  tagging  program  with  the  U.  S.  Fish  and  Wildlife  Service 
was  completed  in  1950.  About  1000  croakers  were  tagged  with  about 
9%  returns. 
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Recent  work  includes  a  length  frequency  study  of  commercially 
caught  croakers  and  an  age  analysis.  A  morphometric  study  on  croak¬ 
ers  from  various  pices  on  the  Atlantic  coast  is  in  progress.  The  early 
distribution  of  the  young  is  being  followed  with  the  aid  of  a  small 
trawl  net. 


10.  The  Tidal;  Freshwater  Rivers  of  Virginia  and  their  Fisheries. 

William  H.  Massmann;  Virginia  Fisheries  Laboratory. 

The  tidal,  freshwater  river  sections  in  Virginia  are  not  well  known. 
They  have  characteristics  of  estuaries,  rivers,  and  lakes.  Most  of  the 
commercially  important  anadromous  and  freshwater  fishes  are  depend¬ 
ent  on  these  river  sections. 

Although  tidal,  freshwaters  make  up  only  four  per  cent  of  the 
area  fished  by  Virginians,  the  value  of  the  fishes  dependent  on  this 
area  is  almost  thirty-five  percent  of  the  value  of  all  edible  fin  fishes 
taken  commercially  by  Virginians. 

The  relatively  small  but  important  river  sections  have  been  great¬ 
ly  altered  by  dams,  pollution,  and  changes  in  the  courses  of  rivers. 
Investigations  of  the  Virginia  Fisheries  Laboratory  include  a  program 
to  obtain  basic  information  on  the  spawning  and  nursery  areas  of  the 
most  valuable  fishes  and  the  effect  of  pollution  in  these  areas. 


11.  The  Circulation  and  Mixing  in  the  James  River  and  Possible  Re¬ 
sulting  Effects  on  Oyster  Larvae  Distribution. 

D.  W.  Pritchard;  Chesapeake  Bay  Institute ,  The  Johns  Hopkins 
University ,  Annajiolis,  Maryland. 

The  most  obvious  water  movements  in  the  James  River  are  oscil¬ 
latory  tidal  currents.  However,  superimposed  on  these  oscillatory  cur¬ 
rents  is  a  net  circulation  pattern  which  results  in  a  mean  current  di¬ 
rected  down  the  estuary  in  the  surface  layer,  and  up  the  estuary  in  a 
lower  layer  below  ten  feet  in  depth.  In  this  estuary  the  salinity  distri¬ 
bution  is  maintained  primarily  by  this  mean  advection  plus  vertical 
mixing.  Horizontal  mixing  is  unimportant.  If  oyster  larvae  were  to 
be  carried  by  the  circulating  and  mixing  water  as  an  inert  suspended 
particle,  their  resulting  distribution  would  be  somewhat  different  from 
that  observed.  It  is  suggested  that  oyster  larvae  tend  to  remain  grouped 
together  as  a  result  of  some  biological  process.  The  effect  of  the  cir¬ 
culation  pattern  on  the  distribution  of  the  grouped  oyster  larvae  is 
discussed. 


12.  Parasites  and  Diseases  — A  Probable  Check  on  Bobcat  Populations. 

Donald  R.  Progulske;  Virginia  Cooperative  Wildlife  Research 
Unit ,  Virginia  Polytechnic  Institute. 

A  research  study  of  the  bobcat  ( Lynx  rufus  rufus )  currently  being 
carried  on  at  the  Virginia  Cooperative  Wildlife  Research  Unit  indicates 
that  parasites  and  diseases  are  a  probable  check  on  bobcat  populations. 
This  predator  has  a  breeding  potential  about  one-and-one-half  times 
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greater  than  the  white-tailed  deer,  yet  the  latter  is  ten  to  fifteen  times 
as  numerous  in  spite  of  heavy  hunting  pressure. 

Micro-  and  macroscopic  examinations  of  stomach  contents,  fecal 
matter,  and  droppings  reveal  the  bobcat  to  be  host  to  many  parasites. 
The  majority  of  these  parasites  have  been  reported  by  other  workers 
but  several  new  endoparasites  have  been  discovered  during  the  course 
of  this  investigation. 

Since  nearly  100%  of  all  bobcats  examined  were  parasitized  to 
some  degree,  the  writer  believes  a  high  percentage  of  kittens  die  in 
their  dens  when  they  become  infested  with  endoparasites.  One  ob¬ 
served  litter  was  eliminated  in  this  manner.  Diseases  also  seem  to  take 
a  toll  of  both  juvenile  and  adult  bobcats.  In  captivity  many  adults 
succumb  to  distemper,  and  it  is  definitely  known  that  rabies  spread 
into  wild  populations. 

13.  The  Effect  of  Red  Fox  Populations  on  Other  Game  Species. 

F.  Nelson  Swink;  Virginia  Cooperative  Wildlife  Research  Unit, 
Virginia  Polytechnic  Institute. 

This  study  was  carried  out  on  2300  acres  of  farm  land  in  Montgom¬ 
ery  County  in  southwestern  Virginia.  The  data  presented  were  col¬ 
lected  over  a  period  of  eighteen  months  by  field  observations  and  by 
analysis  of  550  droppings  to  determine  the  pressure  placed  by  this  pre¬ 
dator  upon  some  of  the  common  farm  game  species.  Other  life  history 
data  are  included  as  they  relate  to  this  problem. 

The  red  fox  population  on  the  study  area  was  high  at  the  time 
and  afforded  the  investigator  ample  opportunity  to  make  a  number 
of  close  observations.  Evidence  shows  that  predation  on  bob-white 
quail  is  negligible,  while  predation  pressure  on  the  cotton-tail  rabbit 
is  high  and  apparently  fairly  constant.  Mice  and  rabbits  make  up  a 
majority  of  the  diet,  with  seasonal  items  reaching  peaks  at  different 
periods  of  the  year  to  supplement  the  diet. 

14.  Sex  and  Age  Ratios  in  the  Muskrat. 

Mitchell  A.  Byrd;  Virginia  Cooperative  Wildlife  Research  Unit , 
Virginia  Polytechnic  Institute. 

Sex  and  age  ratios  may  be  advantageously  collected  and  utilized 
in  determining  population  phenomena.  Daily  trapping  season  sex  ra¬ 
tios  indicate  that  an  inverse  relationship  between  trapping  intensity 
and  the  proportion  of  males  in  the  catch  exists.  Age  ratios  may  also 
be  used  as  indicators  of  trapping  intensity,  since  a  high  juvenile:  adult 
ratio  denotes  overtrapping  the  preceding  year.  Age  ratios  indicated 
that  trapping  in  Montgomery  County,  Virginia,  ranged  from  moderate 
to  intensive  on  the  twelve  streams  which  were  kept  under  close  ob¬ 
servation. 

Sex  and  age  are  most  easily  determined  in  the  muskrat  by  an  ex¬ 
amination  of  the  external  genitalia  of  the  animals.  Should  the  carcass 
not  be  available,  ages  may  be  fairly  accurately  determined  by  an  ex¬ 
amination  of  the  primeness  pattern  of  the  pelts.  Sex  may  also  be  de¬ 
termined  from  the  pelts  by  noting  whether  mammary  glands  are  pres¬ 
ent  or  absent. 
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15.  High  Occurrence  of  Taenia  taeniaformis  in  the  Muskrat. 

Mitchell  A.  Byrd;  Virginia  Cooperative  Wildlife  Research  Unit, 
Virginia  Polytechnic  Institute. 

Examination  of  livers  from  54  muskrats  taken  from  a  small  stream 
in  Montgomery  County,  Virginia,  showed  35.2%  to  be  infected  with  the 
strobilocercus  form  of  Taenia  taeniaformis.  No  host-intermediate  host 
relationship  was  established.  However,  the  regular  occurrence  of  the 
parasite  in  both  sub-adult  and  adult  animals  indicates  the  predation 
on  muskrats  by  some  carnivorous  species  though  such  predation  was 
not  observed. 


16.  Drosophilidae  in  a  Southwest  Virginia  Woods. 

Max  Levitan;  Virginia  Polytechnic  Institute. 

Collections  of  Drosophila  were  made  in  an  oak-hickory  woods  near 
Blacksburg,  Virginia,  between  the  last  week  of  April  and  the  second 
week  of  November  in  1950  and  1951.  Banana  mash  bait  was  used  in 
Mason  jar  traps  at  constant  locations.  Twenty-eight  species  were  ob¬ 
tained,  twenty-four  of  the  genus  Drosophila.  The  more  common  species 
showed  extensive  seasonal  fluctuations  in  numbers,  the  main  factors 
responsible  apparently  being  temperature  and  interspecific  competition. 
The  affinis  complex,  transversa,  and  putrida  are  most  common  in  the 
spring;  the  melanicas,  robusta,  tripunctata,  and  the  cosmopolitan  species 
are  most  common  in  the  summer  and  fall.  Transversa  and  putrida 
show  a  second  peak  in  July.  Whether  the  affinis  complex  is  common 
in  late  August  and  early  September  appears  to  depend  inversely  on  the 
density  of  immigrans  and  busckii  at  the  time.  The  species  also  seem  to 
differ  in  their  tertiary  sex  ratios. 


17.  An  Annotated  Check  List  of  the  Flora  of  Virginia. 

A.  B.  Massey;  Virginia  Polytechnic  Institute. 

A  check  list  is  being  developed  as  a  preliminary  to  a  State  Flora. 
This  paper  presented  plans  and  progress  with  the  monocotyledons.  The 
annotations  in  the  preliminary  list  included  only  authenic  records  in 
botanical  literature. 
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Minutes  of  the  Chemistry  Section  [5] 

W.  Schuyler  Miller,  Chairman 
Henry  Leidheiser,  Jr.,  Secretary 
William  E.  Trout,  Jr.,  Section  Editor  (1952) 

FRIDAY,  MAY  16—9:00  A.  M.  AND  SATURDAY,  MAY  17 
VIRGINIA  ROOM 

Introductory  Remarks.  Chairman  W.  Schuyler  Miller; 
Randolph-Macon  College ,  Ashland. 

1.  Equilibria  in  Solutions  of  Complex  Ions. 

James  W.  Cole,  Jr.,  John  Y.  Mason,  and  Lewis  G.  Cochran; 
University  of  Virginia. 

An  understanding  of  the  equilibria  in  systems  containing  an  “ele¬ 
mentary”  ion,  an  aqueous  solvent,  and  a  complexing  agent  for  the  ion, 
is  important  in  many  phases  of  chemistry.  The  experimental  data  are 
meagre  on  the  action  of  the  solvent,  and  consequently  the  assumptions 
often  made  lead  to  uncertain  conclusions  as  to  the  nature  of  the  complex 
ion.  The  present  discussion  will  bring  out  some  of  the  difficulties  en¬ 
countered  with  aqueous  systems  containing  copper  II  ions  and  complexing 
agents  of  the  amine  and  ethanolamine  types. 

2.  Titania  Col. 

Paul  D.  Webster,  III  and  William  E.  Trout,  Jr.;  University  of 
Richmond. 

In  the  course  of  preparation  of  titania  xerogels  for  use  in  adsorp¬ 
tion  studies,  it  appeared  desirable  to  learn  more  concerning  the  con¬ 
ditions  under  which  titania  jelly  (hydrogel)  forms.  This  paper  reports 
preliminary  studies  of  the  effect  of  concentration  and  pH  on  the  nature 
of  the  jelly  obtained  by  addition  of  potassium  carbonate  to  an  aqueous 
solution  of  titanium  tetrachloride.  Seventy-two  jellies,  sols,  and  gelatin¬ 
ous  precipitates  were  prepared.  Although  the  limits  are  not  sharp,  it  was 
found  that  relatively  clear,  rigid,  vibrant  jellies  of  uniform  appearance 
and  ability  to  retain  their  structure  during  washing  were  obtained  at 
pH  values  between  1.78  and  1.90  and  concentrations  between  0.55  and  1.1 
moles  per  liter  expressed  as  titanium  dioxide. 

3.  Recent  Studies  of  Phosphonic  Acids  of  Biological  Significance. 

Alfred  Burger,  Norman  D.  Dawson,  Frank  L.  Sawyer,  and 
Beverly  E.  Smith;  University  of  Virginia. 

It  has  been  shown  that  Grignard  reagents  react  with  dialkylaryl 
phosphonates  by  an  addition  reaction  in  which  a  complex  is  formed 
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which  then  reacts  further  with  the  Grignard  reagent.  The  complex  can 
also  be  obtained  by  solvating  the  ester  with  magnesium  bromide  in  dry 
ether. 

The  Arbusov  reaction  with  benzhydryl  bromide  furnishes  esters  of 
diphenylmethane  phosphonic  acid  which  could  be  hydrolyzed  in  stages 
to  the  mono-ester  and  to  the  free  acid.  The  free  acid  could  be  re-esterified 
with  diazomethane. 

Diphenylphosphinic  acid  can  be  converted  to  a  number  of  anilides 
substituted  by  halogen  in  the  aromatic  ring.  It  was  also  transformed  to 
its  diethylaminoethylamide  and  its  novaldiamide.  Similar  reactions  have 
been  initiated  with  its  p-chloro  derivative. 


4.  Iodometric  Determination  of  Ascorbic  Acid  in  Citric  Juices  as  a 
Student  Exercise. 

Alfred  R.  Armstrong;  College  of  William  and  Mary. 

For  the  past  four  years  each  student  in  the  beginning  class  in  volu¬ 
metric  analysis  has  titrated  5.00  ml  samples  of  strained  grapefruit,  orange, 
and  lemon  juice  with  0.01136  N  iodine  solution  (1  ml=l  mg  ascorbic 
acid,  Vitamin  C). 

The  juice  of  24  grapefruit,  28  oranges,  and  28  lemons  has  been 
titrated.  The  grapefruit  juice  averaged  42  mg.  ascorbic  acid  per  100  ml., 
orange  juice  50  mg.  per  100  ml.  and  lemon  juice  54  mg.  per  100  ml.  Few 
grapefruit  or  lemons  had  juice  varying  from  the  average  by  more  than 
5  mg.  per  100  ml.;  the  values  for  the  oranges  were  distributed  rather 
evenly  over  the  range  30  to  70  mg.  per  100  ml. 

The  six  canned  and  frozen  juices  tested  had  ascorbic  acid  content 
equal  to  or  greater  than  the  average  of  the  fresh  fruit. 

There  was  little  loss  of  ascorbic  acid  in  juices  in  open  beakers  for 
three  hours  in  the  labortory  or  24  hours  in  a  refrigerator. 


5.  Reactivity  of  Alkyl  Halides  in  the  Michaelis-Arbuzov  Reaction. 

J.  Roger  Mangham  and  Charles  L.  Harowitz;  Virginia- Carolina 
Chemical  Corporation. 

Alkyl  halides  react  with  trialkyl  phosphites  to  yield  dialkyl  alkyl- 
phosphonates  in  accordance  with  the  general  equation: 

(RO)3P  +  R’X  (RO)oP  (O)R’  +  RX 

Reactions  of  this  type  have  been  utilized  in  the  preparation  of  six 
new  phosphonates  and  diphosphonates  from  a  variety  of  alkyl  and 
alykaryl  halides.  The  esters  prepared  have  a  wide  range  of  physical  and 
chemical  properties.  Findings  confirm  the  order  of  reactivity  of  the  alkyl 
halides  as  Rl>RBr>RCl,  the  same  as  found  in  ordinary  substitution 
reactions.  Rates  of  reaction  of  the  phosphites  generally  decrease  as  the 
complexity  of  the  ester  groups  increase. 

Generally  speaking,  alkyl  iodides  react  readily  upon  gentle  heating 
and  may,  indeed,  in  some  cases  require  cooling  to  modulate  the  vigorous 
reaction  which  ensues  after  an  induction  period.  Yields  are  generally 
good.  Alkyl  bromides  usually  react  smoothly  at  temperatures  around 
150°  to  give  satisfactory  yields  of  phosphonate  esters.  In  the  case  of 
alkyl  chlorides  reaction  temperatures  up  to  200°  may  be  required  with 
yields  in  most  cases  being  poor.  Benzyl  type  chlorides,  on  the  other 
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hand,  react  more  readily  and  are  more  nearly  comparable  in  type  to  the 
alkyl  bromides. 

Dihalides  in  which  the  halogens  are  separated  by  two  or  more 
methylene  groups  behave  in  an  analogous  fashion  to  the  monohalides. 

6.  The  Load-Elongation  Properties  of  Freshly  Precipitated  Zein 
Fibers. 

J.  S.  Gillespie,,  Jr.  and  Herschel  S.  Jenkins;  V irginia-C arolina 
Chemical  Corporation . 

The  mechanical  properties  of  freshly  coagulated  zein  fibers  spun 
from  aqueous  alkaline  solutions  by  the  usual  wet-spinning  technique 
have  been  determined  using  a  simple  laboratory  device  for  measuring 
the  elongation  of  the  fibers  under  an  applied  load  in  liquid  baths.  The 
influence  of  several  variables  in  the  spinning  process  has  been  studied. 
The  variables  considered  were: 

(1)  the  degree  of  denaturation  of  the  zein  in  the  aqueous  alkaline 
solutions,  as  measured  by  the  viscosity; 

(2)  the  reaction  of  formaldehyde,  a  widely-used  protein  harden¬ 
ing  agent,  with  the  zein  figers; 

(3)  the  medium  in  which  the  fibers  were  elongated. 

Correlations  between  the  measurements  and  the  structure  of  the 

fibers  have  been  suggested. 

Southern  Pine  Bark — A  Potential  Raw  Material. 

J.  Lawrence  McKenna1;  Holy  Cross  Academy ;  Lynchburg. 


7.  The  Reaction  of  Amines  With  Various  Substituted  Benzoins. 

Joseph  W.  Baker  and  Robert  E.  Lutz;  University  of  Virginia. 

Previous  investigations  have  shown  that  in  the  Voigt  reaction  of 
primary  aromatic  with  isomeric  benzoins,  such  as  4-methoxybenzoin  and 
T-methoxybenzoin,  each  benzoin  gives  only  one  a-mino  ketone.  It 
was  postulated  that  the  initial  attack  by  the  amine  is  on  the  carbonyl 
group  followed  by  ketonization  to  the  amino  ketone. 

When  primary  aliphatic  amines,  such  as  benzylamine,  butylamine, 
and  ethanolamine,  were  used  it  was  found  that  either  or  both  possible 
isomers  were  obtained  depending  upon  reaction  conditions.  As  with 
aromatic  amines  the  initial  attack  was  on  the  carbonyl,  but  under  the 
reaction  conditions  it  was  possible  to  rearrange  the  unstable  to  the 
stable  amino  ketone  where  the  carbonyl  group  is  stabilized  by  resonance. 

Contrary  to  previous  reports  it  was  found  that  secondary  amines, 
such  as  benzylmethylamine  and  ethylethanolamine,  would  also  react 
with  benzoin  under  more  drastic  conditions  under  which  the  labile 
benzoin  rearranges  to  the  stable  isomer  before  reacting  with  the  amine. 

Ultraviolet  absorption  spectra  were  used  with  success  in  determining 
the  structures  of  the  isomeric  benzoins  and  the  amino  ketones. 

The  amino  ketones  were  reduced  to  the  corresponding  amino  alco¬ 
hols  with  aluminum  isopropoxide  or  lithium  aluminum  hydride.  Both 
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the  amino  ketones  and  the  amino  alcohols  were  submitted  for  testing 
for  carcinolytic  activity. 

8.  Some  New  Organic  Reagents  for  the  Colorimetric  Determination  of 

Trace  Quantities  of  Boron. 

Everett  C.  Cogbill  and  John  H.  Yoe;  Pratt  Trace  Analysis 
Laboratory ,  University  of  Virginia. 

A  spectrophotometric  study  has  been  made  of  five  derivatives  of  the 
dihydroxyanthraquinones,  anthrarufin,  and  chrysazin  as  colorimetric 
reagents  for  boron.  The  compounds  studied  are:  diaminoanthrarufin 
(l,5-diamino-4,8-dihydroxyanthraquinone)  (I);  diaminochrysazin  (1,8- 
diamino-4,5-dihydroxyanthraquinone)  (II) ;  the  corresponding  dinitro- 
anthrarufin  (III),  and  dmitroehrysazin  (IV);  and  tribromoanthrarufin 
(V)  (position  of  substituent  bromine  atoms  uncertain).  These  compounds 
give  color  reactions  with  borate  in  concentrated  sulfuric  acid  solution. 

The  wavelengths  of  maximum  absorption  of  the  colored  boron  com¬ 
plexes  and  the  spectrophotometric  sensitivities  (micrograms  B  per  cm.) 
for  the  five  reagents  are;  I,  620  mu,  0.0021;  II,  495  mu,  525  mu,  0.0016 
(525  mu);  III,  505  mu,  0.0017;  IV,  490  mu,  0.0053;  V,  637  mu,  0.0008.  The 
practical  detection  limits,  spectrophotometrically  with  1  cm.  cells,  are 
approximately  1  part  of  boron  in  50,000,000  parts  of  solution  for  the 
diamino  and  dinitr o - anthr ar uf ins  and  the  diaminochrysazin,  1  part  in 
20,000,000  for  the  dinitrochrysazin,  and  1  part  in  better  than  100,000.000 
for  the  tribromoanthrarufin. 

From  the  standpoint  of  widest  separation  of  the  absorption  bands 
of  the  reagent  and  its  colored  boron  comnlex,  the  diaminoanthrarufin 
is  the  best  of  these  reagents,  and  it  has  been  investigated  in  more  detail 
than  the  others.  A  solution  of  this  reagent  in  sulfuric  acid  is  yellow 
(absorption  maximum.  435  mu) ;  that  of  its  boron  complex  is  dark  blue. 
Light  absorption  bv  the  reagent  itself  drons  to  a  very  low  value  at 
wavelengths  above  500  mu,  being  less  than  2%  of  that  of  its  boron  com¬ 
plex  at  620  mu.  The  color  reaction  is  reproducible,  and  the  color  follows 
Beer’s  Law  over  the  range  0  to  0.3  npm  of  B.  deviating  slightly  at  boron 
concentrations  above  this  limit.  Al+++,  Ca++,  K+,  Mg++,  Na+,  and  PO,  do 
not  interfere;  ferric  iron  at  ratios  of  approximately  100  Fe+++  to  1  B 
gives  results  about  10%  high.  Fluoride  decolorizes  the  boron  complex 
and  interferes  seriously,  as  little  as  0.009  mg.  F~/ml  reducing  the  color 
density  of  a  0.5  ppm  B  solution  by  50%. 

9.  The  Use  of  Radioactive  Phosphorus  in  Studyirig  the  Loss  of  Phos¬ 
phate  in  Ashing  Human  Blood. 

Ralph  E.  Thiers;  Pratt  Trace  Analysis  Laboratory,  University 

of  Virginia. 

Radioactive  P82  was  added  to  10  ml.  samples  of  human  blood  which 
was  then  ashed  by  conventional  wet  and  dry  methods.  The  volatile 
products  were  caught  and  the  activity  of  various  fractions  measured  in 
order  to  ascertain  if  a  loss  of  phosphorus  occurred.  Such  a  loss  would, 
of  course,  make  invalid  an  analysis  of  blood  ash  for  phosphate.  In  the 
case  of  wet  ashing  approximately  one-quarter  of  the  phosphorus  was 
lost  from  the  ash  but  in  the  case  of  dry  ashing,  less  than  0.1%  was  lost. 
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10.  Application  of  the  Selective  p-Nitrosophenylamine  Group  in  the 

Trace  Analysis  of  Several  of  the  Platinum  Metals. 

J.  J.  Kirkland;  Pratt  Trace  Analysis  Laboratory ,  University  of 
V  irginia. 

A  colorimetric  “additive  absorbancy”  method  involving  the  use  of 
the  Pt  and  Pd  complexes  of  p-nitrosodimethylaniline  is  reported  for 
the  determination  of  trace  amounts  of  the  two  metals  without  the  usual 
need  of  separation.  Mixtures  of  Pt  and  Pd  in  relatively  large  ratios  can 
be  analyzed  using  this  technique.  Separation  of  Pd  from  Pt  by  extraction 
of  the  Pd-p-nitrosodimethylaniline  into  chloroform  permits  the  de¬ 
termination  of  mixtures  containing  very  large  Pd  to  Pt  ratios.  Rhodium 
interferes  with  this  “additive  absorbancy”  method  and  must  be  absent. 
The  intense  red  color  of  the  Rh-p-nitrosodimethylaniline  complex  sug¬ 
gests  that  it  might  be  used  in  a  trace  method  for  this  metal.  Other 
compounds  containing  the  p-nitrosophenylamino  group  also  react  with 
both  Pd  and  Pt  under  certain  conditions. 

11.  Spectrophotometric  Studies  of  Metal  Complexes  of  2-Hydroxy-5- 

sulfo-2’-carboxyformazylbenzene. 

Richard  M.  Rush;  Pratt  Trace  Analysis  Laboratory ,  University 
of  Virginia . 

This  paper  is  a  continuation  of  an  investigation  reported  last  year 
and  discusses  the  use  of  the  compound  2-hydroxy-5-sulfo-2’-carboxy- 
formazylbenzene  for  the  colorimetric  determination  of  copper  and  of 
copper  and  zinc  in  the  presence  of  each  other.  The  reagent  forms  a  dark 
red  solution  and  a  soluble  deep  blue  complex  with  both  copper  and  zinc. 
The  practical  sensitivity  is  the  same  for  both  elements,  1  part  in  50,000,- 
000.  The  two  complexes  are  separated  by  the  difference  in  the  effect  of 
pH.  At  pH  9  both  of  the  complexes  absorb  at  600  bu.  At  pH  5  only  the 
copper  complex  absorbs  at  this  wavelength.  Thus  it  is  possible  to  de¬ 
termine  the  copper  directly  by  measuring  the  absorbancy  at  pH  5  and 
to  determine  the  zinc  by  subtracting  the  absorbancy  at  pH  5  from  that 
at  pH  9. 

Business  Meeting 

A  nominating  committee  consisting  of  Robert  H.  Kean,  Lynn  D. 
Abbott,  and  William  E.  Trout,  Jr.  nominated  the  following  candidates 
as  officers  of  the  Chemistry  Section  for  1952-53: 

Chairman — Henry  Leidheiser,  Jr.,  Virginia  Institute  for 
Scientific  Research 

Secretary — Robert  C.  Krug,  Virginia  Polytechnic  Institute 
Section  Editor — Carl  J.  Likes,  Virginia  Institute  for  Scientific 
Research 

These  officers  were  elected  by  a  unanimous  vote  of  the  members 
present. 
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12.  Further  Evidence  for  the  Mesomeric  Effect  in  Organo  Fluorine 
Compounds. 

F.  A.  Vingiello.,  J.  G.  VanOot,  and  H.  H.  Hannabass ;  Virginia 

Polytechnic  Institute. 

In  connection  with  our  studies  on  the  mechanism  of  aromatic 
cyclodehydration  we  have  encountered  an  interesting  example  of  the 
important  part  the  mesomeric  effect  can  play  in  reactions  involving 
fluorine  compounds.  After  a  short  introductory  discussion  of  the 
mesomeric  effect,  we  will  explain  how  we  have  correlated  our  data  with 
this  known  effect. 

The  experimental  work  consists  of  the  synthesis  of  six  new  sub¬ 
stituted  2-benzylbenzophenones  and  the  cyclization  of  these  ketones 
to  their  corresponding  anthracenes.  The  specific  rate  constants  for  each 
of  the  cyclizations  has  been  measured. 

13.  Spectrophotometric  Studies  of  Mercaptoacetic  Acid  as  a  Colori¬ 
metric  Reagent  for  Molybdenum. 

Fritz  Will;  Pratt  Trace  Analysis  Laboratory ,  University  of 
Virginia. 

Mercaptoacetic  acid  gives  a  yellow  color  with  molybdate  ions.  This 
color  formation  is  the  basis  for  the  colorimetric  determination  of 
molybdenum,  which  has  been  established  by  studying  the  effect  of 
certain  variables  on  the  molybdenum  mercaptoacetate  colored  complex. 
Also,  the  determination  of  both  iron  and  molybdenum  in  the  same 
aliquot  solution  may  be  made  with  the  reagent  when  the  optimum  pH 
and  wavelength  are  used  for  each. 


14.  Kinetic  Proof  of  a  Schiff  Base  Intermediate  in  the  Amine-Catalyzed 

Condensation  of  Piperonal  with  Nitromethane. 

Thomas  I.  Crowell  and  David  W.  Peck;  University  of  Virginia. 

The  condensation  of  an  aromatic  aldehyde  with  nitromethane,  to 
form  the  /3-nitrostyrene,  is  often  catalyzed  by  amines.  The  work  re¬ 
ported  here  shows  by  means  of  reaction  kinetics  that  when  n-butylamine 
or  n-butylammonium  acetate  is  the  catalyst,  the  Schiff  base  appears 
as  an  intermediate. 

Piperonal  and  butylamine  form  the  Schiff  base  (3,4-methylene- 
dioxy  benzalbutylamine)  in  a  rapid  second-order  reaction  which  does 
not  require  acid  catalysis.  The  reaction  of  piperonal  with  excess 
butylamine  acetate  follows  a  first  order  course. 

The  Schiff  base  was  prepared  and  found  to  react  with  nitromethane. 
Second  order  kinetics  are  obeyed  provided  conditions  are  such  as  to 
favor  the  nitrostyrene  product  in  the  equilibrium. 

The  calculated  rate  of  formation  of  nitrostyrene,  assuming  Schiff 
base  formation  followed  by  condensation,  is  in  agreement  with  the 
experimentally  determined  rate  of  formation  of  nitrostyrene  from 
piperonal.  The  induction  period  of  this  reaction  varies  with  concen¬ 
tration  as  expected.  The  reasons  for  the  effectiveness  of  ammonium 
acetates  as  catalysts  are  discussed. 
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15.  Isolation  Studies  of  Antibiotic  Principles  of  the  Cresote  Bush;, 

Larrea  divaricata 

Lowell  V.  Heisey  and  Wayne  Ardinger;  Bridgewater  College. 

Nordihydroguaiaretic  Acid  (N.D.G.A.)  has  been  listed  by  Tsuchuja 
et  al.  ( J .  Bact.,  47,  422  (1944)  as  the  antibiotic  principle  of  the  Cresote 
Bush,  Larrea  divaricata,  Cav.  The  present  authors  have  obtained  several 
inhibition  zones  in  paper  disc  bacterial  assays  with  Bacillus  subtilis 
as  the  test  organism,  which  indicates  the  presence  of  possibly  more  than 
one  antibacterial  agent. 

This  paper  describes  the  authors’  work  in  separating  and  identifying 
these  active  antibacterial  components.  Chemical  tests  indicate  that  all  of 
the  active  materials  are  o-dihydroxybenzene  derivatives.  The  most  active 
one  appears  to  be  N.D.G.A.,  and  progress  on  the  identification  of  the 
others  is  discussed. 


16.  The  Reduction  of  Organic  Compounds  of  Sulfur  by  Metals  in 
Liquid  Ammonia. 

Robert  C.  Krug  and  Stanley  Tocker;  Virginia  Polytechnic 
Institute. 

The  reduction  of  several  representative  compounds  containing  car¬ 
bon,  sulfur,  and  hydrogen  is  described.  The  fate  of  the  carbon  to  sulfur 
bond  in  saturated  and  unsaturated  sulfides  and  thiophene  is  ascertained 
in  the  presence  of  different  metallic  reducing  agents  in  liquid  ammonia 
in  the  presence  of  varying  concentrations  of  proton  donor.  The  extent 
and  course  of  reduction  are  determined  by  systematic  analyses  specifical¬ 
ly  developed  for  each  type  of  compound.  The  data  obtained  are  reviewed 
for  a  correlation  between  the  reducing  power  of  the  metal,  the  concen¬ 
tration  of  the  proton  donor,  and  the  relative  ease  of  cleavage  of  the 
carbon  to  sulfur  bond.  A  mechanism  of  reduction  consistent  with  the 
experimental  evidence  is  presented. 


17.  The  Anomalous  Action  of  E thylm agnesium  Bromide  on  Di-isobutvl 
Ketone. 

Robert  C.  Krug,  Warren  L.  Choate,  Joseph  T.  Walbert,  and 
Robert  C.  Leedy;  Virginia  Polytechnic  Institute  and 
W  ashing  ton  and  Lee  University. 

The  action  of  the  simpler  Grignard  reagents  on  branched  chain 
ketones,  where  the  branched  groups  are  in  the  beta  position  or  farther 
from  the  carbonyl  group,  yields  the  expected  addition  products  which 
after  hydrolysis  give  the  tertiary  alcohols.  The  attack  of  ethylmagnesium 
bromide  on  di-isobutyl  ketone  reveals  an  unexpectedly  complex  action. 
Extensive  reduction  and  enolization  of  the  ketone  occurs  and  the  yield 
of  the  expected  tertiary  alcohol  is  low.  This  alcohol,  ethyldi-isobutyl 
carbinol,  resulting  from  the  reaction  of  ethylmagnesium  bromide  and  di¬ 
isobutyl  ketone  is  described  for  the  first  time.  The  proof  of  structure  of 
the  new  alcohol  by  dehydration  and  subsequent  ozone  oxidation  of  the 
olefinic  hydrocarbons  is  reported  in  detail. 
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18.  The  Peroxide  Catalyzed  Addition  of  Hydrogen  Bromide  to 

Methylenecyclobutane. 

Robert  C.  Krug,  Louis  W.  Smith,  and  Richard  M.  Yankee,  Jr.; 

Virginia  Polytechnic  Institute  and  Washington  and  Lee 
University. 

One  of  the  many  interesting  reactions  in  the  field  of  organic 
chemistry  is  the  so-called  abnormal  addition  of  hydrogen  bromide  to  the 
carbon  to  carbon  double  bond.  This  addition,  catalyzed  by  oxygen  or 
peroxides,  is  the  reverse  of  that  expected  on  the  basis  of  the  Markowin- 
koff  rule.  Extensive  investigation  of  the  kinetics  of  this  reaction  support 
the  theory  that  this  addition  proceeds  by  an  atom  or  free  radical 
mechanism.  The  present  study  describes  the  peroxide  catalyzed  addition 
of  hydrogen  bromide  to  methylenecyclobutane.  This  four  membered 
ring  system,  which  may  under  ionic  attack  expand  to  a  five  membered 
ring,  is  found  to  undergo  smooth  addition  of  hydrogen  bromide  to  yield 
bromomethylcyclobutane.  This  compound  is  described  for  the  first  time. 


19.  Aquo  Complex  Ions  in  General  Chemistry. 

John  F.  Baxter;  Washington  and  Lee  University. 

Modern  structural  concepts  of  aqueous  cations  can  be  used  to 
account  for  a  large  number  of  phenomena  of  interest  to  chemists;  e.g., 
heats  of  solution  of  salts;  colors  of  some  aqueous  ions;  crystalline  hy¬ 
drates  of  the  type  Mg  [H20]6C12;  analogies  with  other  complex  ions; 
variations  in  acidities  of  the  ions;  results  of  heating  crystalline  hydrates; 
amphoteric  (amphiprotic)  properties  of  many  gelatious  hydroxides; 
“basic”  salts;  etc.  It  is  contended  that  since  chemists  generally  agree 
that  most  metallic  ions  in  aqueous  solution  are  strongly  hydrated, 
chemistry  students  should  be  informed  of  this.  This  concept  is  so  general¬ 
ly  useful  that  it  is  unfair  to  students  to  let  them  believe  that,  for  example, 
Cu++  properly  represents  cupric  ion  in  aqueous  solution  but  that  Cu 
[NH3]++4  represents  the  cupric  ion  in  ammonia  solution.  Since  the  concept 
of  an  ion  such  as  Cu  [H20]++6  is  quite  simple  and  is  in  accord  with  many 
structural  facts,  and  since  it  can  be  used  to  account  for  so  much  useful 
solution  chemistry,  it  deserves  consideration  in  General  Chemistry. 

20.  Distribution  of  SO±"  ~  and  HSO±_  Between  Aqueous  Solution  and 
the  Strong  Base  Anion  Exchange  Resin  Dowex-1. 

Cephas  Patch  and  John  F.  Baxter;  Washington  and  Lee 
University. 

Dowex-1  has  been  prepared  in  the  pure  sulfate  form.  A  systematic 
study  has  been  made  of  the  equilibrium  between  SO=4  and  HSO“4  in  the 
solution  phase  and  the  resin  phase.  The  method  is  to  shake  weighed 
amounts  of  air  dried  Dowex-1  with  measured  volumes  of  dilute  sulfuric 
acid  of  known  concentration  and  from  the  uptake  of  the  acid  and  its 
ions  to  calculate  how  the  sulfate  and  acid  sulfate  ions  are  distributed 
between  the  two  phases.  Data  are  given.  This  information  is  necessary 
to  an  understanding  of  sulfate  complexes  and  their  exchange  with 
strong  base  resins. 
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21.  Planning  for  Science  in  Virginia. 

Allan  T.  Gwathmey;  University  of  Virginia. 

Most  periods  in  history  have  some  unique  feature:  Greece  was 
conspicuous  for  its  democratic  government  and  cultural  development; 
Rome  for  its  military  conquests  and  law;  the  Medieval  Ages  for  its 
domination  by  the  Church;  and  today  there  can  be  no  doubt  that 
Science  is  calling  the  turn  of  events. 

Scientific  knowledge  is  obviously  not  the  key  to  all  problems,  but 
it  can  be  used  to  accomplish  much.  It  can  remove  poverty  and  disease 
which  still  stalk  the  Earth,  and  it  can  improve  the  mind  and  increase 
understanding.  So  far,  it  has  done  little  more  than  upset  the  stable  state 
of  affairs,  and  the  chief  reason  for  this  is  that  Science  has  not  yet  been 
integrated  into  Society  or  accepted  as  a  way  of  life.  We  are  now  living 
through  the  growing  pains  of  the  Age  of  Scisence.  Virginia  has  played 
very  little  part  in  the  development  or  integration  of  the  Age  of  Science 
except  to  help  furnish  the  form  of  government  under  which  it  now  may 
flourish.  Perhaps  in  starting  late  we  can  build  well  on  the  experience  of 
others. 

In  order  to  meet  this  problem,  it  is  proposed  that  Virginia  must 
specifically  plan  to  accomplish  the  following  objectives.  One,  the  uni¬ 
versities  and  colleges  within  the  State  must  increase  greatly  the  number 
of  scientifically  trained  graduates.  They  are  only  a  trickle  at  present. 
Two,  these  institutions  must  also  greatly  increase  their  contributions  to 
fundamental  scientific  knowledge.  With  a  population  of  three  million 
in  the  State  there  are  not  more  than  fifteen  men  who  devote  more 
than  half  time  to  basic  research,  our  seedbed  for  future  development. 
Three,  local  industry  must  be  persuaded  to  utilize  modern  research. 
Four,  we  must  develop  more  statesmen  and  business  leaders  who  are 
keenly  aware  of  the  potentialities  of  science  and  who  can  guide  the 
affairs  of  the  State  to  capitalize  on  these  potentialities.  Five,  scientific 
knowledge  must  be  integrated  with  government,  law,  religion,  and  fin¬ 
ance  so  that  science  can  become  an  integral  part  of  society. 


22.  Evidence  for  1,4>-  and  L6-Reductions  of  cis  and  fmws-Phenyl- 
dibenzoylethylenes. 

Robert  E.  Lutz  and  Carl  R.  Bauer;  University  of  Virginia. 

Cis  and  trans-phenyldibenzolethylenes  are  reduced  by  zinc  and  acetic 
acid  under  comparable  conditions  to  mixtures  of  the  saturated  1,4-dike¬ 
tone  and  furan  in  widely  differing  ratios;  the  cis-isomer  gives  the 
smaller  yield  of  furan.  Taking  into  account  the  probable  fine  structures 
of  these  compounds  and  the  probable  mechanism  of  reduction,  involving 
free  radical  transition  states  and  enolate  intermediates,  it  is  concluded 
that  trans-phenylidbenzoylethylene  undergoes  entirely  1,6 -reduction 
and  that  the  cis  isomer  resists  this  type  of  reduction  and  undergoes  in¬ 
stead,  or  also  to  a  very  significant  extent,  1,4  reduction  of  the  benzalace- 
tophenone  system  present.  The  background  and  related  and  new  work 
in  this  field  will  be  considered. 
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23.  The  Stereoisomeric  Dibromides  and  alpha- Bromo  Derivatives  of 
Benzalacetophenone  and  the  Mechanism  of  Dehydrohalogenation. 

Robert  E.  Lutz,  David  F.  Hinkley,  and  Robert  H.  Jordan; 

University  of  Virginia. 

A  second  and  non-crystalline  (cis)  alpha- bromobenzalacetophenone 
has  been  obtained  by  sunlight  inversion  of  the  known  ( trans )  crystalline 
form.  It  is  formed  in  small  amounts  in  the  potassium  acetate  dehydro¬ 
halogenation  of  the  high-melting  benzalacetophenone  dibromide  but  it 
is  not  obtained  in  the  similar  dehydrohalogenation  of  the  low-melting 
dibromide.  The  ultraviolet  absorption  characteristics  and  interconversion 
of  the  isomers  are  discussed  in  relation  to  configuration.  The  assignment 
of  configurations  to  the  benzalacetophenone  dibromides  is  made  on 
the  basis  of  differing  behaviors  on  dehydrohalogenation  where  two 
competing  mechanisms  are  suggested. 


24.  Some  Amino  Ketones  and  Alcohols  Based  on  the  1,2-Diphenyl- 
propane  System. 

Rosser  L.  Wayland  and  Robert  E.  Lutz;  University  of  Virginia. 

jS-Amino-a-phenylpropiophenones  have  been  prepared  by  the  Man- 
nich  reaction  on  desoxybenzoin.  Some  amino  ketones  of  this  type  have 
also  been  obtained  by  reacting  amines  with  a-chloro-a-phenylpropiophe- 
none  through  the  elimination  of  hydrogen  chloride  from  the  chloro- 
ketone  followed  by  conjugate  addition  of  the  amine  to  the  a-/3-unsaturated 
ketone  formed.  These  /3-amino  ketones  have  been  reduced  to  the 
corresponding  alcohols  3-amino- 1,2-diphenylpropanols  by  lithium  alumi¬ 
num  hydride  after  Ponndorff  reduction  proved  unsatisfactory. 

a-Methyl  benzoin  failed  to  undergo  the  Voigt  reaction  when  treated 
with  amines  under  usual  conditions,  but  gave  Schiff  bases  which  could 
be  reduced  with  lithium  aluminum  hydride  to  1  -amino- 1, 2-diphenyl  - 
2-propanols.  These  amino  alcohols  have  been  shown  to  have  the  same 
configurations  as  those  prepared  by  the  addition  of  methylmagnesium 
iodide  to  a-aminodesoxybenzoins. 

2-Chloro-l,2-diphenyl-l-proponal  has  been  prepared  by  the  re¬ 
duction  of  a-chloro-a-phenylpropiophenone  with  lithium  aluminum 
hydride.  It  reacted  with  amines  to  give  2-amino-l,2-diphenyl-l-pro- 
panols,  but  this  reaction  does  not  appear  to  go  through  an  oxide  in¬ 
termediate  as  is  usually  the  case  with  amine-chlorohydrin  reactions. 
The  amino  alcohols  prepared  in  this  way  have  been  oxidized  to  the 
corresponding  ketones  using  benzophenone  and  potassium  tert-butoxide. 


25.  Cyclization  of  aZp/m-Aminoethylamine  Ketones. 

Carl  D.  Lunsford,  Robert  E.  Lutz,  and  E.  E.  Bowden;  University 
of  Virginia. 

a-Aminoethylamino  ketones  of  the  type  a-  (/3-aminoethylamino)  - 
a-phenylacetophenone  are  not  isolated  as  such,  but  readily  undergo 
cyclization  followed  by  oxidation  and/or  loss  of  water,  and  yield  com¬ 
pounds  of  the  hydropyrazine  and  piperazine  series. 
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The  condensations  of  ethylenediamine  with  desyl  chloride  and  of 
a-  (/3-chloroethylamino)  -a-phenylacetophenone  (A)  with  ammonia  yield 

2.3- dihydro-5,6-diphenylpyrazine. 

Primary  amines,  for  example  benzylamine,  react  with  (A)  prob¬ 
ably  given  as  an  intermediate  the  expected  a-  (/3-alkylaminoethylamino)  - 
desoxybenzoin  which  readily  undergoes  cyclization  and  oxidation  and 
yields  a  l-alkyl-2,3-dihydroxy-2,3-diphenylpiperazine  (B).  Identical 
compounds  are  obtained  when  monoalkylethylenediamines  are  con¬ 
densed  with  benzoin  under  the  Voigt  conditions  and  when  a-  (/3-chloro- 
ethyl,  alkylamino)  -a-phenylacetophenones  (C)  are  condensed  with 
ammonia. 

When  the  alkyl  of  (B)  is  benzyl  the  compound  is  further  autox- 
idized  to  monobenzylethylenediamine  dibenzamide.  (B)  is  hydrolyzed 
by  dilute  acids  to  benzil  and  the  monoalyklethylenediamine.  Reduction 
by  LiAlIL  gives  1 -benzyl-2, 3-diphenylpiperazine. 

The  condensations  of  dialkylethylenediamines  with  desylchloride 
or  of  (C)  with  primary  amines  result  in  aminoketones  which  undergo 
cyclization,  lose  water  and  yield  l,4-dialkyl-2,3-dehydro-2, 3-diphenyl- 
piperazines.  No  oxidation  occurs  when  the  nitrogen  is  tertiary.  When  the 
desylchloride-dibenzylethylenediamine  condensation  is  carried  out  in 
ethanol  it  is  possible  to  isolate  an  acetal  analog,  l,4-dibenzyl-2-ethoxy- 

2. 3- diphenylpiperazine. 


26.  A  Study  of  the  Wetting  of  Metallic  Surfaces  Using  Large  Metallic 
Single  Crystals. 

Jerome  Kruger;  University  of  Virginia. 

The  degree  of  wetting  can  be  measured  experimentally  by  deter¬ 
mining  the  angle  which  a  liquid  makes  with  the  solid  upon  which  it  rests. 
An  angle  of  0°  indicates  complete  wetting,  180°  non- wetting. 

A  sessile  bubble  apparatus  was  constructed  to  measure  contact 
angles  on  a  single  crystal  of  copper  which  had  certain  crystallographic 
planes  cut  on  it.  This  apparatus  made  it  possible  to  study  the  change  of 
contact  angle  with  time  continuously  as  long  chain  polar  molecules  were 
being  adsorbed  on  the  surface  of  the  crystal  from  aqueous  solutions. 

It  was  found  that  there  exists  a  difference  in  contact  angles  because 
of  the  difference  in  the  rate  at  which  tetradecyl  amine  adsorbs  on  copper 
depending  on  crystallographic  plane,  the  rate  for  the  (100)  being  greater 
than  that  for  the  (111).  At  equilibrium,  however,  the  contact  angles 
reach  the  same  maximum  value  for  all  faces. 

It  was  also  found  that  atmosphere  plays  an  important  role,  hydrogen 
producing  a  decrease  in  contact  angle  over  that  for  air. 

These  results  appear  to  be  consistent  with  those  reported  last  year 
for  stearic  acid  and  with  oxidation  studies. 


27.  The  Effect  of  a  Foreign  Substance  on  the  Rearrangement  of  the 
Surface  of  a  Copper  Single  Crystal  by  Reaction  of  Hydrogen  and 
Oxygen. 

R.  E.  Cunningham;  University  of  Virginia. 

The  rearrangement  of  a  copper  single  crystal  acting  as  a  catalyst 
results  in  the  development  of  facets  parallel  to  certain  crystallographic 
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faces,  so  that  after  a  time  the  whole  crystal  surface  exhibits  only  pre¬ 
ferred  planes.  Since  catalytic  activity  varies  markedly  with  fact,  this 
results  in  an  appreciable  change  of  reaction  rate  in  the  altered  areas. 

The  presence  of  small  amounts  of  a  foreign  substance  causes  the 
rearrangement  to  proceed  quite  differently  in  some  cases,  so  that  the 
amount  of  area  developed  parallel  to  the  various  faces  is  changed.  This 
is  believed  to  be  the  mechanism  of  catalyst  promotor  action. 

28.  The  Growth  of  Single  Crystals  of  Iron  by  the  Strain-Anneal  Method. 

Bruce  Wagner,  Jr.;  University  of  Virginia. 

To  learn  more  of  the  fundamental  properties  of  iron,  it  is  desirable 
to  have  massive  single  crystals. 

The  conventional  method  of  producing  large  single  crystals  of  metal 
is  to  cool  slowly  the  molten  metal  so  that  a  single  crystal  forms  in  the 
initial  solidification.  However,  this  method  is  not  applicable  to  iron  be¬ 
cause  of  the  phase  changes  which  iron  undergoes  when  it  is  cooled  from 
the  molten  state.  Therefore  an  alternate  procedure  must  be  adopted. 
This  method  is  the  strain-anneal  method.  It  consists  of  straining  the 
metal  thus  imparting  energy  to  the  system,  then  annealing  at  a  tempera¬ 
ture  just  below  the  phase  transformation  temperature.  This  allows  the 
energy  to  dissipate  itself  in  grain  growth  since  the  larger  crystal  will 
have  less  surface  area  than  many  small  crystals  and  it  will  be  ther¬ 
modynamically  more  stable. 

The  usual  method  of  applying  the  strain  is  a  one  dimensional 
elongation  of  approximately  three  percent.  Investigations  in  this  labora¬ 
tory  have  shown  that  a  combination  of  a  three  percent  elongation  plus 
a  rotation  of  ten  to  fifteen  degrees  over  a  two  inch  section  increased  the 
percent  yield  of  single  crystals.  Using  six  inch  lengths  of  one  quarter 
inch  round  Armco  iron  bar,  a  fifty  percent  yield  of  single  crystals  one- 
quarter  inch  by  one  inch  was  achieved. 

29.  The  Effect  of  Neutron  Bombardment  on  the  Electrical  Properties 
of  Semiconductors. 

F.  W.  Young,  Jr.;  University  of  Virginia. 

Lattice  disorder  in  bulk  Ge  produced  by  collisions  of  fast  neutrons 
with  lattice  atoms  introduces  a  net  excess  of  electron  traps  or  acceptor 
states,  which  appear  to  have  an  energy  distribution  in  the  forbidden 
band.  Bombardment  of  N-type  Ge  causes  the  conductivity  to  decrease, 
initially  at  a  uniform  rate,  to  a  minimum  value  and  then  to  increase. 
Examination  of  the  data  shows  that  initially  about  3.2  conduction 
electrons  are  removed  per  incident  fast  neutron.  The  minimum  value  of 
the  conductivity  is  higher  than  the  value  calculated  assuming  complete 
homogeneity  and  thermal  equilibrium.  Hall  effect  measurements  prove 
that  after  the  minimum  is  passed  the  material  has  been  converted  to 
P-type  by  fast  neutron  bombardment.  The  conductivity  of  P-type  Ge- 
increases  with  bombardment.  The  rate  of  increase  decreases  monoton- 
ically  indicating  an  approach  to  saturation.  The  initial  rate  of  carrier 
introduction  in  P-type  Ge  appears  to  be  temperature  dependent,  being 
greater  at  higher  temperatures  and  smaller  than  the  rate  of  carrier 
removal  for  N-type  Ge  which  is  apparently  temperature  independent  in 
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the  temperature  range  investigated  (-79°C  to  45°C).  The  effect  of 
lattice  disordering  on  the  electrical  properties  of  Ge  may  be  removed  by 
careful  vacuum  annealing  at  450°C  while  a  portion  of  this  effect  readily 
anneals  at  room  temperature. 


30.  Some  Recent  Studies  with  the  Electron  Field  Microscope  of  the 
Mueller  Type. 

Peter  Burum  Sherry;  University  of  Virginia. 

Cold  electron  emission  from  metal  surfaces  is  being  used  to  study 
the  nature  of  surface  reactions.  Fields  of  approximately  10  volt  per  cm. 
are  attained  by  pointing  fine  metal  wires.  Magnification  of  the  order  of 
106  to  107  is  possible  with  theoretical  resolving  powers  of  2  to  3  A0. 

Substances  deposited  on  metallic  surfaces  can  be  studied  with  re¬ 
gard  to  areas  of  adsorption  and  surface  migration.  With  information 
gained  from  this  type  of  experiment,  it  is  hoped  that  the  role  of 
crystallographic  direction  in  metal  surface*  reactions  may  be  better  under¬ 
stood. 


31.  Susceptibility  of  Aluminum  to  Mercury  Corrosion. 

Virgil  E.  Straughan;  Virginia  Institute  for  Scientific  Research. 

The  fast  rate  of  oxidation  of  metallic  aluminum  is  not  obvious 
to  the  naked  eye  owing  to  the  formation  of  a  highly  protective  oxide 
film.  The  reactivity  of  aluminum  may  be  vividly  demonstrated,  however, 
by  subjecting  a  clean  aluminum  surface  in  the  presence  of  oxygen  or 
air  to  droplets  of  mercury  at  room  temperature.  The  oxide  film  is 
permeated  by  mercury  at  points  of  imperfections  with  the  result  that 
uncontrollable  oxidation  occurs.  Voluminous  quantities  of  aluminum 
oxide  appear  in  a  matter  of  minutes.  The  corrosion  product  is  undoubted¬ 
ly  aluminum  oxide  although  x-ray  diffraction  studies  showed  the 
aluminum  oxide  to  be  amorphous.  A  possible  explanation  is  that  the 
process  is  a  continual  dissolving  or  amalgamating  action  of  the  mercury 
on  the  aluminum.  The  aluminum  of  the  amalgam  is  used  up  by  oxidation 
and  replenished  again  and  again  at  the  aluminum  surface. 


32.  Molecular  Dimensions  of  Zein  from  Intrinsic  Viscosity  Data. 

Carl  J.  Likes;  Virginia  Institute  for  Scientific  Research. 

As  a  preliminary  study  to  an  ultracentrifugal  project,  the  density 
and  viscosity  of  zein  solutions  were  investigated  over  a  temperature 
range  extending  from  20°  to  28°C  and  over  a  composition  range  extend¬ 
ing  from  the  pure  solvent  (85  percent  aqueous  iso-propyl  alcohol) 
to  1.5  weight  percent  zein.  The  densities  were  determined  with 
a  specific  gravity  bottle  of  the  Weld  type  and  the  viscosities  with  an 
Ostwald  viscosity  pipette  of  the  Fenske-Cannon  modification.  A  kinetic 
correction  term  was  included  in  the  calibration  equation  for  the  visco¬ 
meter.  The  partial  specific  volume  of  zein  was  computed  from  the 
density  data  and  found  to  be  approximately  0.772  cubic  centimeter  per 
gram.  The  viscosity  data  yielded  a  value  of  15.4  for  the  weight  intrinsic 
viscosity  and  a  value  of  19.9  for  the  volume  intrinsic  viscosity.  Assuming 
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the  shape  of  the  zein  molecule  to  approximate  that  of  a  prolate  ellipsoid 
of  revolution,  the  axial  ratio  (major  to  minor  axis)  was  calculated  by- 
means  of  Simha’s  equation  and  found  to  be  13  to  1.  Perrin’s  equation 
yielded  a  value  of  1.7  for  Svedberg’s  frictional  ratio.  Combining  this 
result  with  a  value  of  the  sedimentation  constant  for  zein  reported  in 
the  literature,  the  molecular  v/eight  was  computed  to  be  36,000  grams 
per  mole,  and  the  length  and  breadth  of  the  molecule  to  be  247  A0  and 
19  A0,  respectively. 


33.  The  Disintegration  and  Dissolution  of  Urinary  Calculi. 

L.  W.  Claffey  and  D.  W.  Levi.;  Virginia  Polytechnic  Institute. 

Concentrated  hydrochloric  acid  is  a  good  “in  vitro”  solvent  for 
urinary  calculi.  Hydrochloric  acid  (0.4%)  causes  extensive  disintegra¬ 
tion  of  some  calculi  on  12  hour  irrigation.  Pretreatment  with  0.5% 
solutions  of  hvaluronidase  or  streptokinase-streptodornase  for  one  hour, 
the  experimentally  determined  optimum  time,  leads  to  extensive 
disintegration  and  dissolution  of  most  phosphate  and  carbonate  type 
calculi  on  subsequent  irrigation  with  0.4%  hydrochloric  acid.  Urease 
also  functions  as  an  aid  to  dissolution  but  seems  to  gomewhat  less 
effective  than  hvaluronidase  or  streptokinase-streptodornase. 


34.  A  New  Type  of  Polarograph. 

B.  W.  Mundy  and  W.  W.  Allen;  Virginia  Military  Institute. 

The  problem  in  any  recording  polarograph  is  to  record  the  current 
as  a  function  of  the  emf  applied  to  the  electrolysis  cell. 

The  application  of  an  increasing  emf  to  the  electrolysis  cell  was 
accomplished  in  the  following  manner.  Resistance  wire  in  the  form  of  a 
U.  one  arm  twice  the  length  of  the  other,  was  placed  in  a  U-tube  of 
glass.  The  desired  maximum  emf  was  applied  across  this  resistance  wire. 
At  the  mid-point  of  the  long  arm  of  resistance  wire  a  lead  wire  was 
tapped  off.  The  electrolysis  circuit,  consisting  of  the  cell  and  a  reflecting 
galvanometer,  was  connected  across  a  lead  from  the  top  of  the  long 
arm  and  the  lead  from  the  mid-point  of  the  same  arm  of  resistance 
wire.  Initially,  mercury  filled  the  long  arm  of  the  glass  tube  and  was 
separated  from  the  short  arm  by  a  stopcock.  By  means  of  the  stopcock 
mercury  was  allowed  to  flow  into  the  short  arm  of  the  glass  tube, 
thus  uncovering  the  resistance  wire  in  the  long  arm  and  covering  it  in 
the  short  arm.  This  resulted  in  the  application  of  an  increasing  emf  to 
the  electrolysis  circuit,  varying  from  zero  initially  to  the  maximum  at 
the  completion  of  the  run. 

The  light  reflected  from  the  galvanometer  played  on  the  slit  of  a 
light  tight  box  in  which  was  located  a  wheel  upon  which  photographic 
paper  was  mounted.  The  wheel  was  rotated  by  means  of  a  pulley 
arrangement.  A  weight  from  the  pulley  floated  on  top  of  the  mercury 
in  the  long  tube,  as  the  mercury  fell  the  weight  fell  rotating  the,  wheel. 
This  results  in  a  polar  type  of  polarogram  where  0,  the  angle  of  rotation 
from  the  initial  position,  is  proportional  to  E,  and  r  is  a  measure  of  i 
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35.  Determination  of  Transition  and  Fusion  Points  by  the  Method 
of  Differential  Thermal  Analysis. 

O.  L.  Updike,  Jr.  and  Lewis  B.  Johnson,  Jr.;  University  of 
Virginia. 

The  experimental  procedure  consists  of  heating  the  sample  side  by 
side  and  in  the  same  furnace  with  an  inert  reference  material,  and 
measuring  the  temperature  difference  between  the  sample  and  the 
reference  material  as  well  as  the  actual  temperature  of  the  sample, 
both  as  a  function  of  time.  When  a  phase  change  involving  absorption 
or  evolution  of  heat  occurs,  the  temperature  difference  between  the 
reference  material  and  the  sample  increases;  after  the  transition  is  com¬ 
plete  the  temperature  difference  decreases.  Thus  each  transition  pro¬ 
duces  a  peak  in  the  temperature-time  curve. 

The  essential  parts  of  a  differential  calorimeter  are  the  furnace,  the 
cells  in  which  are  placed  the  sample  and  reference  material,  the  acces¬ 
sories  for  controlling  and  measuring  the  heating  rate,  and  the  thermal 
elements  for  measuring  the  temperature  difference  between  the  sample 
and  the  reference  material. 

Brief  studies  have  been  made  thus  far  with  only  a  few  salt  mixtures. 
However,  the  results  obtained  are  consistent  with  the  known  limitations 
of  the  method. 

36.  Physical  and  Chemical  Properties  of  Hydrogen  Peroxide  and  Hy¬ 
drogen  Peroxide-Water  Mixtures.  I.  Dielectric  Constant  Measure¬ 
ments. 

Paul  Gross,  Jr.  and  John  D.  Floyd;  University  of  Virginia. 

In  connection  with  the  broad  problem  of  theoretical  interest  as  to 
the  structure  of  liquids  of  high  dielectric  constant  such  as  water  and 
hydrogen  peroxide,  an  investigation  is  under  way  of  various  physico¬ 
chemical  properties  of  mixtures  of  water  and  hydrogen  peroxide  among 
which  are  their  solvent  properties  and  dielectric  constants.  Determina¬ 
tions  of  the  dielectric  constants  of  these  mixtures  over  a  wide  range  of 
temperatures  indicates  the  possibility  of  cooperative  hydrogen  bonding 
between  water  and  peroxide  molecules  to  form  highly  polar  aggregates. 
The  very  high  dielectric  constants  of  these  mixtures  make  them  of  un¬ 
usual  interest  for  the  study  of  various  solution  properties. 


37.  Physical  and  Chemical  Properties  of  Hydrogen  Peroxide  and 
Hydrogen  Peroxide-Water  Mixtures.  II:  Solubility  of  Inorganic 
Salts. 

Paul  Gross,  Jr.  and  John  D.  Floyd;  University  of  Virginia. 

Methods  and  techniques  have  been  worked  out  for  solubility  de¬ 
termination  of  salts  in  hydrogen  peroxide- water  mixtures.  The  solu¬ 
bilities  of  NaCl,  NaNOs,  KC1,  KNOs,  and  K2SO(  have  been  determined 
at  25°C  over  the  entire  concentration  range  of  mixtures  from  0%  hydro¬ 
gen  peroxide-100%  water  to  approximately  100%  hydrogen  peroxide- 
0%  water.  It  has  been  found  that  all  of  the  potassium  salts  so  far  investi¬ 
gated  increase  in  solubility  as  the  solvent  mixture  becomes  richer  in 
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hydrogen  peroxide.  For  the  sodium  salts  thus  far  determined,  the  re¬ 
verse  is  true,  the  sodium  salt  becoming  less  soluble  as  the  solvent 
medium  is  enriched  with  hydrogen  peroxide. 

Limited  theoretical  conclusions  have  been  drawn  from  the  data 
thus  far  obtained  as  to  the  problem  of  solvation  of  these  salts  by  the 
hydrogen  peroxide  molecule. 

38.  Some  Compounds  of  Trivalent  Nickel. 

G.  P.  Smithy  L.  D.  Dyer,  and  B.  Borie;  Oak  Ridge  National 
Laboratory. 

A  new  compound  of  trivalent  nickel,  NaNiOs,  has  been  prepared  and 
its  properties  studied.  The  crystal  structure  of  the  previously  known 
compound,  NiaOs.  H20,  has  been  determined. 

39.  The  Action  of  a  Molten  Metal  on  Copper. 

J.  V.  Cathcart  and  G.  P.  Smith;  Oak  Ridge  National  Laboratory. 

The  habit  form  of  copper  crystals  grown  from  molten  metal  solu¬ 
tions  is  described.  Two  mechanisms  for  mass  transfer  during  the 
growth  process  are  suggested.  The  shape  assumed  by  a  copper  crystal 
placed  in  contact  with  a  molten  metal  solution  saturated  with  copper 
is  described.  Under  the  conditions  used  in  these  latter  experiments,  facets 
were  formed  on  the  surface  of  a  copper  single  crystal  sphere.  Thus  far 
facet  faces  consisting  of  (111),  (100),  (110),  and  (210)  planes  have 
been  identified. 


40.  A  Thermostat  for  Temperatures  Approaching  the  Softening  Point 
of  Pyrex. 

W.  H.  Bridges,,  J.  V.  Cathcart.,  and  G.  P.  Smith;  Oak  Ridge 
National  Laboratory. 

A  thermostat  operating  at  temperatures  approaching  the  softening 
point  of  Pyrex  glass  is  described,  together  with  the  necessary  controls 
and  auxiliary  pyrometeric  equipment.  The  choice  of  thermostating 
fluid,  stirring  system,  and  control  apparatus  is  considered,  and  operating 
characteristics  under  various  conditions  are  given. 


1952] 


Proceedings  1951-1952 


315 


Minutes  of  the  Section  of  Education  [6] 

Z.  T.  Kyle,  Chairman 
Jack  Boger,  Secretary 

Francis  G.  Lankford,  Section  Editor  (1952) 


1.  The  Development  of  Pupils’  Mathematical  Concepts1. 

Joseph  N.  Payne;  Lane  High  School,  Charlottesville. 

A  diagnostic  interview  was  held  with  each  of  57  pupils  in  grades 
eight  and  nine  of  six  Virginia  High  Schools  in  May,  1951.  Twelve  were 
taking  first  course  algebra  at  the  time  of  the  interviews.  These  had 
completed  general  mathematics  in  grade  eight.  The  remaining  45  were 
taking  eighth  grade  general  mathematics  at  the  time  of  the  interviews. 

The  interviews  were  based  on  59  questions;  18  of  these  dealt  with 
the  topic  of  angles,  15  with  percentage,  and  26  with  fractions.  The  ques¬ 
tions  were  designed  to  ascertain  the  extent  to  which  pupils  had  acquired 
an  understanding  of  basic  concepts  related  to  these  three  topics. 

Among  the  38  specific  conclusions  made  from  the  interviews,  these 
are  especially  significant. 

1.  Only  five  of  the  57  students  had  the  concept  that  an  angle  is 
determined  by  the  amount  of  rotation  of  the  line  moving  around  another 
line. 

2.  In  general,  the  students  had  difficulty  in  explaining  the  meaning 
of  per  cents.  The  students  seemed  to  show  that  they  were  following  a 
rule  blindly  in  the  solution  of  the  various  percentage  problems.  Often  a 
pupil  was  able  to  solve  a  problem  correctly  but  was  unable  to  answer 
a  simple  question  relative  to  the  concept  involved. 

3.  The  pupils  exhibited  only  a  fair  understanding  of  the  meaning 
of  a  fraction.  For  example,  more  than  one-third  could  not  pick  the 
larger  of  the  fractions,  2/5  and  4/5. 

4.  There  was  considerable  variation  among  the  pupils  from  the  six 
schools.  Those  from  one  school  were  much  superior  to  those  from  the 
other  five  in  their  understanding  of  angles.  The  pupils  from  another 
school  showed  marked  superiority  in  their  understanding  of  per  cents 
and  fractions. 


2.  Adjustment  Problems  of  College  Freshmen. 

Eva  C.  Mitchell;  Hampton  Institute. 

This  is  a  study  of  adjustment  problems  submitted  by  244  freshmen 
students  who  had  completed  one  semester  of  college  work  at  Hampton 
Institute.  In  addition  the  students  had  completed  one  semester  hour  of 
an  orientation  course  which  was  “designed  to  help  students  choose  a 
life’s  work  in  which  he  has  an  abiding  interest  and  special  aptitude.” 


1.  Payne,  Joseph  N  ,  The  Development  of  Pupils’  Mathematical  Concepts. 

M.  Ed.  Thesis.  University  of  Virginia,  1951. 
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A  single  page  inquiry  form  was  used  to  collect  data  on  general 
educational  background  and  vocational  plans  and  also  for  writing  prob¬ 
lems — social,  emotional,  vocational,  and  curricular — which  disturbed  the 
student. 

An  analysis  of  the  problems  submitted  by  the  freshmen  indicated 
that  uncertainty  concerning  vocational  choices  predominated.  Other 
problems  of  major  concern  were  those  related  to  personality,  improper 
study  habits,  adjustment  to  college,  and  inadequacy  of  background. 

Percentile  comparison  of  selected  categories  of  problems  submitted 
by  Hampton  Institute  freshmen  and  those  derived  from  a  checklist 
study  by  Wrenn  of  more  than  500  college  freshmen  showed  marked 
variations.  While  vocational  and  personality  problems  seemed  more 
prevalent  among  Hampton  students,  problems  of  finance  and  those  relat¬ 
ed  to  study  habits  seemed  more  acute  among  freshmen  studied  by 
Wrenn. 

Consideration  of  groups  of  problems  submitted  by  a  single  individual 
revealed  the  multiplicity  of  difficulties  other  than  intellectual  which 
might  retard  a  student’s  progross  through  college. 

3.  Report  of  Teaching  Success  of  Recent  Graduates  of  Radford  Col¬ 
lege  as  Measured  by  (1)  Supervisor’s  Evaluation  and  (2)  Graduates’ 

Self-Evaluation. 

Minor  Wine  Thomas;  Radford  College ,  Radford. 

This  paper  is  a  brief  report  of  an  attempt  by  the  faculty  of  Radford 
College  to  determine  the  greatest  weakness  in  its  program  of  teacher 
education.  It  reports  one  part  of  the  faculty  study,  in  cooperation  with 
other  state  colleges,  to  improve  the  program  of  teacher  education. 

The  plan  of  the  study  was  to  evaluate  the  teaching  success  of  recent 
graduates  first  by  competent  persons  in  supervisory  positions,  and 
secondly,  by  the  graduates  themselves. 

The  method  used  was  a  questionnaire  containing  twenty-five  items 
indicative  of  teaching  success  in  the  general  areas  of  (1)  academic  or 
subject  matter  background,  (2)  professional  skills  and  attitudes,  (3) 
breadth  of  understanding  of  social  problems,  and  (4)  personal  attributes. 
The  ratings  were  (1)  above  average,  (2)  average,  (3)  below  average. 

All  of  the  Radford  College  graduates  from  the  year  1945  to  1949, 
who  were  teaching  in  Virginia  at  the  time,  were  evaluated  by  (1) 
supervisors  and  (2)  self-evaluation. 

Findings:  In  general  the  two  ratings  agree  that  the  greatest  strengths 
are  in  the  academic  and  personal  attributes,  and  the  relative  weakness 
is  in  professional  skills  and  attitudes.  The  faculty  believes  that  our 
greatest  need  is  in  improving  the  Professional  Program  rather  than  in 
the  field  of  General  Education. 


4.  Simple  Remedial  Reading  Technique  for  Use  with  Adults  and 
College  Students. 

Austin  E.  Grigg;  University  of  Richmond ,  Richmond. 

An  abbreviated  remedial  reading  program  suitable  for  use  with 
college  students  and  other  adult  groups  is  described  and  results  obtained 
with  the  method  on  two  samples  are  given  to  show  the  effectiveness 
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of  the  method.  One  group  averaged  242  words  per  minute  at  the  begin¬ 
ning  of  the  therapy  and  closed  their  remedial  training  with  a  reading 
rate  of  430  words  per  minute  and  perfect  comprehension.  Another  group, 
composed  mostly  of  school  teachers,  read  at  rate  of  311  words  per  minute 
before  therapy  and  averaged  495  words  per  minute  with  perfect  compre¬ 
hension  after  completion  of  the  brief  program.  When  this  group  was 
tested  22  days  later,  without  additional  training  or  practice,  they  were 
found  to  average  495  words  per  minute.  This  suggests  that  the  reading 
gains  obtained  from  the  program  are  permanent.  A  critique  of  the  pro¬ 
gram  made  by  those  who  participated  is  discussed  at  length. 


5.  Education’s  Role  in  Resource  Use  Training. 

Joseph  J.  Sliomon;  Division  of  Education,  Virginia  Commission 
of  Game  and  Inland  Fisheries. 

The  natural  resources  of  America  are  vital  to  its  defense  and  to 
its  free  institutions.  Our  future  lies  in  the  way  we  manage  our  geologic 
and  living  resources,  including  the  ways  of  man. 

Our  natural  resources  are  dwindling.  Only  an  aroused  citizenry  and 
a  long  range  program  of  restoration  and  wise  use  can  reverse  the  trend. 

Leadership  is  needed  to  inform  the  American  public  of  our  resource 
status,  and  education  is  needed  to  instill  fundamental  conservation 
concepts  so  that  wise  use  can  be  made  an  established  social  practice. 

The  science  educator’s  role  in  wise  resource  use  training  is  an  im¬ 
portant  one.  Certain  basic  concepts  must  be  taught  in  education.  Pro¬ 
grams  should  be  aimed  largely  at  the  youth. 

Mistakes  in  resource  use  education  have  been  made.  They  can  be 
obviated.  New  approaches  are  needed.  More  resource  use  training  is 
needed  in  the  schools  and  qualified  teachers  must  be  trained  to  do  the 
training.  Pre-service  and  in-service  teacher  training  in  badly  needed. 

Adequate  resource  use  training  in  Virginia  presents  a  real  challenge 
to  the  science  educator.  While  some  progress  has  been  made,  the  overall 
picture  is  disappointing.  Great  progress  can  be  achieved,  however,  with 
proper  leadership  and  by  a  unified  approach  to  the  whole  problem  of 
resource  use  education  by  all  conservation  agencies,  educators,  and 
interested  groups  and  individuals. 


6.  Some  Factors  Relating  the  Success  of  Richmond  College  Students 
to  Their  High  School  Preparation. 

William  Trausneck;  Patrick  Henry  School,  Martinsville. 

In  making  this  study,  an  answer  was  sought  to  the  three  basic 
questions  which  follow:  (1)  What  is  the  relationship  of  size  and  kind 
of  secondary  school  to  academic  success  in  college?  (2)  What  is  the 
relationship  between  academic  rank  of  a  student  in  his  high  school 
graduating  class  and  his  academic  rank  in  college?  (3)  What  is  the 
relationship  between  courses  a  student  pursues  in  high  school  and  his 
academic  success  in  college? 

The  Freshmen  Class  entering  in  the  session  1938-1939  was  selected 
to  represent  the  pre-war  period,  and  the  class  entering  in  the  session 
1948-1949  was  chosen  to  represent  the  period  since  the  close  of  World 
War  II.  The  information  studied  in  this  paper  was  extracted  from  the 
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official  records  of  225  entrants  in  1938  and  320  students  who  entered  in 
1948. 

This  study  has  revealed  that  for  the  two  entering  classes  of  Richmond 
College  students  separated  by  a  ten  year  interval,  in  which  World  War 
II  was  fought,  there  were  some  instances  where  high  school  academic 
preparation  appeared  to  be  linked  with  academic  success  is  college.  In 
all  classifications  of  high  schools,  a  tendency  to  fluctuate  in  the  relative 
ranking  of  their  respective  students  in  college  over  this  ten  year  interval 
was  noted. 
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Minutes  of  the  Section  of  Engineering  [7] 

B.  A.  Niemeier,  Chairman 
V.  G.  Szebehely,  Secretary 
N.  F.  Murphy,  Section  Editor 

FRIDAY,  MAY  16—9:30  A.  M.  AND  SATURDAY,  MAY  17, 
9:30  A.  M.  CHAMBERLIN  ROOM 

1.  Investigation  of  Subsonic  Boundary  Layer  Effects  on  Supersonic 
Airfoils. 

\ 

Charles  D.  West  and  Robert  W.  Truitt;  Virginia  Polytechnic 
Institute. 

The  present  interest  in  aerodynamics  is  centered  on  the  transonic 
and  supersonic  aerodynamic  characteristics  of  thin,  sharp  airfoils.  With 
few  exceptions,  the  theoretical  and  experimental  investigations  have 
been  made  for  the  transonic  and  purely  supersonic  range.  Consequently, 
the  observed  phenomena  exhibited  by  the  experimental  data  has,  for 
the  most  part,  been  interpreted  as  characteristic  transonic  and  supersonic 
phenomena.  There  is  considerable  well-established  theoretical  evidence 
that  some  of  the  more  important  characteristics  of  the  pressure  distribu¬ 
tions,  that  have  been  attributed  to  compressibility,  are  actually  low- 
speed  viscous  effects.  However,  there  is  no  theoretical  solution  that 
takes  into  account  both  the  viscous  and  high-speed  phenomena  simul¬ 
taneously.  In  the  present  paper,  an  experimental  investigation  is  made 
of  the  viscous,  incompressible  flow  phenomena  as  it  effects  the  pressure 
distribution  over  thin,  sharp,  two-dimensional  supersonic  type  air¬ 
foils.  A  critical  review  is  made  of  existing  theoretical  investigations  to 
show  that  the  observed  center-of-pressure  shift  and  subsequent  change 
in  basic  pressure  distribution  is,  at  least,  partially  due  to  low-speed 
viscosity. 


2.  The  Second  Coefficient  of  Viscosity  Based  upon  the  Reaction  Rate 

Theory. 

D.  Frederick;  Virginia  Polytechnic  Institute. 

An  expression  is  derived  for  the  second  coefficient  of  viscosity  for 
liquids  based  upon  the  reaction  rate  theory.  Hydrodynamicists  have 
not  been  able  to  devise  experiments  to  measure  this  coefficient  with 
great  accuracy  or  to  determine  its  variation  with  temperature  and  pres¬ 
sure.  Since  this  knowledge  is  required  for  many  flow  problems,  (e.g.} 
propulsion  of  underwater  missiles  near  the  speed  of  sound),  a  study  of 
this  type  seems  justified. 

The  liquid  is  assumed  to  be  composed  of  molecules  with  holes  be¬ 
tween  them,  across  which  a  molecule  may  move  from  an  activated  to  a 
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non-activated  state.  Using  statistical  mechanics  and  Eyring’s  reaction 
rate  theory,  the  expression  for  the  second  coefficient  is  derived. 

A  simplification  of  this  expression  is  made  when  the  pressure  is  very 
large  or  very  low.  The  final  results  show  that  the  second  and  the  ordinary 
coefficients  of  viscosity  follow  the  same  law  of  temperature  variation. 

3.  The  Determination  of  Base  Pressure  from  Firing  Range  Data. 

W.  R.  Witt;  U.  S.  Naval  Ordnance  Laboratory,  White  Oalc,  Silver 
Spring,  Maryland. 

The  ballisticians  have  for  some  time  been  concerned  with  under 
pressure  at  the  blunt  or  flat  base  of  missiles  and  projectiles.  The  major 
purpose  of  this  paper  is  to  present  the  importance  and  status  of  the 
base-pressure  problem,  and  how  it  is  investigated  using  the  Pressurized 
Ballistics  Range  at  the  Naval  Ordnance  Laboratory. 

The  base  drag  caused  by  the  base  pressure  is  relatively  small  with 
respect  to  the  total  drag  when  the  aerodynamic  shape  of  the  body  is 
plump  and  its  nose  is  blunt.  It  is,  however,  of  the  same  order  of  magni¬ 
tude  as  wave  and  friction  drag  when  the  bodies  are  sharp-pointed  and 
slender.  Long-range  projectiles  and  missiles  must  have  these  latter  fea¬ 
tures.  In  spite  of  the  favorable  shape  the  total  drag  of  large  guided 
missiles  can  amount  to  several  thousand  pounds  of  which  the  contribu¬ 
tion  of  the  base  drag  is  then  of  the  order  of  one  or  two  thousand  pounds! 

The  base  pressure  can  be  computed  indirectly  from  the  firing  range 
data,  provided  that  a  projectile  having  a  suitable  shape  is  selected.  The 
most  common  shape  used  is  the  so-called  “cone-cylinder”  projectile.  The 
pressure  acting  on  the  head  can  be  computed  from  compressible  flow 
theory;  the  skin  friction  can  be  estimated;  the  total  drag  force  is  deter¬ 
mined  from  the  retardation  measured  in  the  firing  range.  Hence,  the 
base  pressure  is  obtained  by  subtracting  the  head  and  skin  friction 
components  from  the  total  drag. 


4.  Large  Elastic  Deformation  of  Cantilevers  with  Hydrodynamic 

Loading. 

P.  Eisenberg  and  L.  F.  Whicker;  David  Taylor  Model  Basin, 
Navy  Department. 

Much  work  has  been  done  on  the  shape  and  tension  of  flexible 
members  (bending  neglected)  loaded  by  the  forces  arising  during  motion 
in  a  fluid.  In  this  paper,  computations  are  extended  to  the  case  of  elastic 
members,  and  results  are  derived  for  the  shape,  bending  moments,  and 
shear  of  a  uniform  cantilever. 

The  loading  is  made  up  of  the  weight  of  the  bar  and  the  hydrody¬ 
namic  force.  The  latter  is  assumed  to  follow  the  “sine-squared  law,” 
i.  e unit  loading  is  R  sin 2</>  where  R  is  the  drag  per  unit  length  of  beam 
wThen  normal  to  the  direction  of  motion  and  0  is  the  angle  between  the 
tangent  to  the  bar  and  the  direction  of  motion.  Assuming  the  applicability 
of  the  Bernoulli-Euler  law,  assuming  linear  Hooke’s  law  and  no  change 
in  total  length  of  beam,  neglecting  warping  of  the  sections,  and  neglect¬ 
ing  the  tangential  forces,  the  slope  of  the  beam  as  a  function  of  the 
distance  along  the  beam  is  derived  in  the  form  of  a  nonlinear  integro- 
differential  equation.  An  approximate  solution  is  obtained  by  expansion 
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in  a  McClaurin’s  series  in  which  the  coefficient  of  the  first  ten  terms  are 
evaluated. 

Values  of  total  shear  are  compared  with  experimental  results  for 
the  drag  of  cantilevers  with  circular  sections  obtained  from  towing  tests. 
The  theoretical  and  experimental  results  are  shown  to  be  in  good  agree¬ 
ment  for  those  cases  in  which  available  drag  coefficients  apply,  i.  e., 
for  nonvibrating  beams,  and  for  which  the  slopes  at  the  free  ends  were 
as  high  as  63°. 

5.  Measures  of  Unsteadiness^  Part  I. 

V.  G.  Szebehely ;  David  Taylor  Model  Basin,  Navy  Department. 

In  this  paper  three  measures  of  unsteadiness  are  proposed  and 
quantitative  evaluations  of  special  unsteady  fluid  motions  are  perform¬ 
ed. 

The  dimensionless  value  to  compare  oscillation  tests  is  the  Strouhal 
number  (or  “dimensionless  frequency”)  which  is  generalized  for  arbi¬ 
trary  unsteady  motions.  The  Strouhal-scalar,  representing  the  ratio  of 
the  magnitudes  of  the  local  and  convective  acceleration  vectors;  the 
Strouhal-vector,  in  the  direction  of  the  local  acceleration;  and  finally 
the  Strouhal  matrix  giving  a  complete  description  of  the  unsteadiness 
are  defined  and  analyzed.  Steady  flows  are  associated  with  zero  values 
of  the  above  measures.  The  measures  are  computed  for  ideal,  viscous, 
incompressible,  and  compressible  fluids  and  for  several  important  flow 
problems,  such  as  Beltrami  flow,  potential  flow,  d’Alembert  flow, 
isochoric  flow,  slow  motion,  pseudo  plane  flow,  pseudo  rotational 
symmetric  flow,  lienarized  flow,  etc.  The  decay  of  vorticity  in  a  viscous 
fluid,  the  inertia  method  of  measuring  ship  resistance,  and  the  problem 
of  an  unsteady  jet  striking  a  plate  are  discussed  in  details. 

6.  A  Working  Model  Wind  Tunnel. 

Gerald  D.  Walberg;  Norview  High  School. 

Show  and  explain  the  evolution  of  the  wind  tunnel.  Lift  and  drag 
tests,  demonstration  of  stream  lines  over  airfoils,  use  o  fanaerometers, 
calculations  of  velocity  are  explained.  The  tunnel  is  100  cm.  long,  40  cm. 
wide,  20  cm.  high,  and  its  highest  wind  velocity  is  23  miles  per  hour. 

7.  The  Theoretical  Behavior  of  a  Complex  Inelastic  Material. 

D.  Frederick  and  M.  A.  Garcia;  Tdrginia  Polytechnic  Institute. 

The  purpose  of  this  study  is  to  investigate  the  behavior  of  an  inelastic 
material  and  to  compare  the  results  obtained  with  the  properties  of  the 
well  known  material  models  investigated  by  Maxwell,  Kelvin,  and  Zener. 
The  most  complex  of  the  models  mentioned  above  (Zener  model)  does 
not  exhibit  a  permanent  set  and  secondary  creep.  The  importance  of  this 
paper  arises  from  the  fact  that  the  model  studied  in  detail  herein  does 
exhibit  a  permanent  set  and  secondary  creep  in  addition  to  all  of  the 
other  common  properties  and  behaviors. 

The  differential  equation  governing  the  behavior  of  the  inelastic 
material  is  derived  from  a  mechanism,  composed  of  elastic  and  viscous 
elements,  used  to  represent  the  action  of  the  material.  The  solutions  of 
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this  equation  with  the  proper  boundary  conditions  yield  all  the  laws 
of  behavior. 

Equations  are  obtained  and  curves  are  plotted  for  the  following 
items:  stress  versus  time,  stress  versus  strain,  Bauschinger  effect,  hys¬ 
teresis,  energy  loss  in  a  strain  cycle,  strain  hardening,  stress  relaxation, 
primary  and  secondary  creep,  permanent  set,  and  memory  effect. 

With  such  equations,  the  behavior  of  many  materials  (textiles,  high 
polymers,  metals)  may  be  summarized  and  represented.  Predictions  re¬ 
garding  other  actions  may  be  made  also. 


8.  A  New  Pressure  Coefficient  Equation  for  Two-Dimensional  Super¬ 
sonic  Flow. 

Robert  Wesley  Truitt;  Virginia  Polytechnic  Institute . 

This  paper  derives  a  new  equation  for  the  pressure  coefficient  for 
two-dimensional  supersonic  flows.  The  derivation  results  in  an  explicit 
equation  for  the  pressure  distribution  over  thin,  sharp,  two-dimensional 
supersonic  airfoils  and  allows  solution  at  free  stream  Mach  number  of 
unity  in  the  expanding  flow  region.  The  analysis  is  based  on  the  dis¬ 
covery  that  the  shock  and  expansion  angle  can  be  closely  approximated 
by  an  angle  which  is  a  function  of  the  local  Mach  number  after  the 
disturbance.  The  paper  shows  that  the  magnitude  of  the  local  pressure 
coefficient  is  governed  predominantly  by  the  local  Mach  number.  The 
present  method  of  calculating  the  pressure  coefficient  eliminates  the 
use  of  two  shock-expansion  graphs  required  in  the  Exact  theory,  and 
consequently  is  a  very  rapid  and  accurate  method  for  finding  the 
pressure  distribution.  In  the  analysis  it  is  assumed  that  the  shock  waves 
exist  and  are  attached  to  the  body.  As  in  the  Ackeret  theory  the  sign 
of  the  angle  of  the  flow  deviation  serves  to  differentiate  between  shock 
and  expansion  flow.  The  form  of  the  equation  has  almost  the  simplicity 
of  the  Ackeret  equation  and  gives  excellent  agreement  with  the  Shock- 
Expansion  Theory.  With  the  use  of  this  new  simple  equation  for  super¬ 
sonic  flow  and  a  recently  derived  equation  for  subsonic  compressible 
flow,  the  solution  for  the  pressure  distribution  over  a  flat  plate  airfold 
at  free  stream  Mach  number  of  one  is  found. 

9.  Utilization  of  Virginia  Resources  for  Light  Weight  Aggregates. 

R.  M.  Biggam  and  Frank  C.  Vilbrandt ;  Virginia  Polytechnic 
Institute . 

Although  Virginia  does  not  have  available  any  deposits  of  vermiculite 
it  has  deposits  of  somewhat  similar  materials,  which  under  the  right 
processing,  should  produce  an  expanded  product  which  could  be  utilized 
for  insulation,  light  weight  aggregates  for  concrete  construction,  for 
plaster,  for  poultry  litter,  and  for  florists’  cultural  purposes.  This  in¬ 
vestigation  was  carried  out  on  micas  located  near  Amelia  Court  House, 
and  several  methods  of  heating,  rates  of  heating,  the  inclusion  of  pene¬ 
trating  aqueous  and  non-aqueous  liquids  to  assist  in  the  rupture  and 
expansion  are  described. 
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10.  An  Analytical  Approximation  Relating  Internal  Damping  and  Strain 

Amplitude. 

E.  Q.  Smith  and  S.  M.  Gay,  Jr.;  Virginia  Polytechnic  Institute , 
and  David  Taylor  Model  Basin,  Car  derock,  Maryland. 

The  influence  of  internal  damping  has  previously  been  treated  as 
an  equivalent  “viscous”  damping.  In  the  present  paper  the  damping  is 
assumed  to  be  proportional  to  the  nth  power  of  the  strain  amplitude. 
The  resulting  equation  is  solved  by  an  approximate  method  and  ex¬ 
pressions  for  the  logarithmic  decrement  and  specific  damping  are  deriv¬ 
ed. 

The  resulting  expression  is  found  to  be  in  good  agreement  with 
experiment  in  the  lower  range  of  strain  amplitudes  for  those  materials 
which  most  nearly  satisfy  the  restrictions  imposed  by  the  underlying 
assumptions.  It  is  concluded  that  the  proposed  damping  term  is  justified 
as  a  “first  approximation.” 

11.  The  Influence  of  Degree  of  Crystallinity  on  the  Thermal  Conduc¬ 
tivity  of  Nylon  66. 

R.  H.  Snow  and  R.  A.  Fisher;  Virginia  Polytechnic  Institute. 

An  investigation  of  the  effect  of  degree  of  crystallinity  on  the 
thermal  conductivity  of  Nylon  66  was  carried  on  in  the  Department  of 
Chemical  Engineering  at  Virginia  Polytechnic  Institute  during  1950  to 
1952.  The  reason  for  undertaking  this  work  was  to  determine  whether 
nylon  could  be  made  more  suitable  for  use  as  a  bearing  material,  since 
low  thermal  conductivity  is  a  major  shortcoming  of  nylon  for  this  use. 

Studies  were  made  on  methods  of  increasing  the  amount  of  crystalline 
phase  present  in  samples  of  nylon.  It  was  found  that  by  cold-rolling 
a  slab  to  half  its  thickness  and  then  annealing  two  hours  at  450  degrees 
Fahrenheit  the  degree  of  crystallinity  of  commercial  nylon  FM10001  could 
be  increased  from  20  per  cent  to  30  per  cent.  The  degree  of  crystallinity 
was  measured  by  a  density  determination,  and  verified  qualitatively  by 
x-ray  diffraction.  Nylon  FM10001  was  identified  as  Nylon  66  by  x-ray 
diffraction. 

The  thermal  conductivity  of  the  original  and  treated  samples  was 
measured  according  to  American  Society  for  Testing  Materials  method 
Cl 77-45.  Measurements  were  made  at  mean  temperatures  of  70  to  150 
degrees  Fahrenheit  to  show  the  increase  in  conductivity  obtained  by  the 
treatment  used  and  to  show  that  the  effect  of  temperature  on  the  con¬ 
ductivity  is  that  which  would  be  expected  from  an  aggregate  of  crys¬ 
talline  and  amorphous  phases. 


12.  Measurement  of  Fused  Salt  Enthalpies  with  a  Copper-Block 
Calorimeter. 

L.  B.  Johnson,  Jr.,  and  O.  L.  Updike,  Jr.  ;  University  of  Virginia. 

Equipment  has  been  constructed  for  the  determination  of  enthalpies 
of  materials  from  room  temperature  to  750°  C  or  above.  The  sample  is 
suspended  in  the  center  of  a  vertical  tube  furnace  until  it  reaches 
constant  temperature,  then  dropped  into  the  cavity  of  a  vacuum- jacketed 
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copper  calorimeter  block.  The  temperature  rise  of  the  block,  determined 
with  a  thermopile  or  a  resistance  thermometer,  then  provides  a  measure 
of  the  enthalpy  of  the  heated  sample.  Construction  of  the  calorimeter 
and  its  instrumentation  are  described,  along  with  the  features  of  furnace 
design  necessary  to  obtain  a  long  isothermal  region.  Calibration  data 
and  results  of  enthalpy  measurements  for  various  fused  salt  mixtures 
are  presented. 

13.  The  Application  of  Electrical  Analogs  to  a  Study  of  Pulsations  in 

Piping  Systems. 

Frank  S.  Fountain  and  O.  L.  Updike,  Jr.;  University  of  Virginia. 

In  a  piping  system  containing  gases,  mathematical  analogies  can 
be  found  between  pressure,  flow  rate,  resistance  (friction),  and  capacity, 
and  the  corresponding  electrical  parameters  of  voltage,  current,  resist¬ 
ance,  and  capacitance.  Such  electrical  analogies  offer  an  approach  to  the 
analysis  of  either  transient  events  or  periodic  steady-state  phenomena. 
To  investigate  this  approach,  equipment  has  been  set  up  to  generate 
gas  pressure  pulsations,  and  by  a  strain-gage  device,  to  measure  them 
and  record  their  waveforms.  Propagation  and  attenuation  of  these 
pulsations  in  piping  systems  is  being  studied  by  mathematical  analysis 
and  by  direct  comparison  with  their  electrical  counterparts. 

14.  The  Correlation  of  Mass  Transfer  Coefficients  with  the  Physical 

Properties  of  Extraction  Systems. 

A.  E.  Skrzec  and  Nelson  F.  Murphy;  Virginia  Polytechnic 
Institute. 

An  investigation  has  been  carried  out  to  obtain  data  on  the  transfer 
of  mass  between  liquid-liquid  systems,  which  will  be  of  value  for 
design  purposes  and  which  will  contribute  to  a  better  understanding  of 
the  mechanism  of  transfer  for  the  case  of  liquid-liquid  extraction.  The 
effects  on  the  individual  mass  transfer  coefficients,  kw  and  ks,  of  both 
phase  rates  have  been  studied  employing  a  I-V2  inch  diameter,  horizontal 
tube. 

Five  different  solvents,  partially  miscible  with  water,  were  varied 
in  phase  rate  flows  from  1,000  to  15,000  lb-per  hr.-per  sq.  ft.  when  the 
water  rate  was  maintained  constant  at  either  3,000,  7,000  or  9,000  lb.  per 
hr.  ft.  Similarly  the  water  rate  flow  was  varied  when  the  solvent  rate 
was  maintained  constant,  at  the  rates  given  above.  The  individual  mass- 
transfer  coefficients  were  correlated  by  six  dimensionless  groups  accord¬ 
ing  to  the  following  equation: 

Ksd ^  f  _dv__'\  ^  /u-w  I  ^  \  f  dGs  ^  ( dGw  1 

Dw  V  (Ct sDw  j  rl  (*S  /  1  l  pSDw  /  1  \  jOw-Dw  /  V  (is  )  1  \  I U\V  ) 

Where: 

k  =  individual  mass-transfer  coefficient 

d  =  diameter  of  tube 

D  =  diffusivity  coefficient 

a  —  interfacial  tension 

fi  =  viscosity 

p  =  density 

G  =  mass  rate  of  flow 
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Subscripts, 

w  =  water 
s  =  solvent 

From  this  equation  the  coefficients  ars  shown  to  be  functions  of 
the  phase  velocity  of  both  phases,  the  viscosities  of  each  fluid  and  the 
diffusivity.  The  effects  of  the  interfacial  tension  between  the  two  liquid 
phases  are  reflected  in  these  quantities. 

15.  Field  Study  of  Concrete  Curing  Methods  on  Basis  of  Electrical 

Resistance. 

Robert  W.  Czaban ;  University  of  Virginia. 

In  a  paper  presented  to  the  Virginia  Academy  of  Science  last  year, 
an  electrical  resistance  method  for  the  determination  of  moisture  and 
temperature  in  hardened  Portland  cement  concrete  was  described.  Ad¬ 
ditional  research  conducted  in  a  pilot  study  disclosed  it  would  be 
possible  to  evaluate  the  curing  of  highway  pavements  in  situ.  Consequent¬ 
ly,  a  large  scale  field  investigation  was  undertaken  in  which  five  curing 
methods  were  rated  on  the  basis  of  their  efficiency  in  retaining  moisture 
and  controlling  temperature  variations.  The  methods  compared  were  as 
follows:  waterproofed  paper,  damp  burlap,  liquid  membrane  seal,  liquid 
membrane  seal  covered  with  limewash,  and  no  cure.  Each  was  applied 
to  a  complete  slab  and  repeated  twice  in  both  ordinary  and  air-entrained 
concrete.  Immediately  after  application  of  a  treatment,  readings  were 
started  and  made  frequently  during  a  72-hour  curing  period. 

The  findings  of  this  field  study  indicated  that  initial  moisture  loss 
in  the  upper  part  of  a  pavement  was  affected,  to  a  large  degree,  by  the 
curing  treatment  employed.  In  general,  waterproofed  paper  and  damp 
burlap  were  best  able  to  control  moisture  retention.  The  tone  of  the 
surface  appeared  to  be  of  primary  importance  in  controlling  temperature 
with  light  surfaces  (such  as  limewash  treated  seal)  resulting  in  the 
lowest  and  most  uniform  temperature  through  the  slabs.  Climatic  con¬ 
ditions  (i.  e.,  air  temperatures,  relative  humidity,  and  rainfall)  were 
reflected  in  the  measurements  taken,  especially  near  the  surface  of  the 
slabs. 

16.  VP  I  Chemical  Engineering  Research  and  Development  Program. 

Dudley  Thompson  and  Frank  C.  Vilbrandt;  Virginia  Polytechnic 
Institute. 

The  program  of  chemical  engineering  research  and  development  at 
the  Virginia  Polytechnic  Institute  may  be  classified  under  four  headings: 
(1)  unit  operations,  (2)  unit  processes,  (3)  industrial  wastes,  and 
(4)  special  projects.  This  program  is  reviewed  employing  color  slides 
of  selected  representative  projects  as  a  means  of  focusing  attention  on 
the  principal  aspects  of  the  program.  Specific  projects  reviewed  include: 
heat  transfer,  hydrogenation,  molecular  distillation,  extraction,  prepara¬ 
tion  of  DDT,  treatment  of  industrial  wastes,  effect  of  ultrasonics  on 
liquid  systems,  and  electrodeposition  of  aluminum. 

Business  Session 

Two  business  sessions  were  held  by  the  Section.  The  first  was  at 
4:00  p.  m.,  May  16,  and  consisted  of  reports  by  Dr.  N.  F.  Murphy  as 
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Section  Editor.  He  reported  that  during  the  year  only  one  paper  had  been 
published  in  the  Journal  which  had  been  submitted  through  the  Section 
Editor.  More  papers  are  desired.  He  also  asked  for  cooperation  in  secur¬ 
ing  more  advertising  for  the  Journal.  The  section  editors  have  voted 
to  recognize  academic  Ph.D.  degrees  by  titles  in  the  Journal  news  items. 
The  nominating  committee,  consisting  of  B.  A.  Niemeier,  S.  M.  Gay  and 
N.  F.  Murphy  reported,  and  the  following  officers  were  elected  without 
opposition: 

Chairman  —  V.  G.  Szebehely 
Secretary  —  R.  W.  Truitt 

Professor  Truitt  moved  that  the  Scientists  with  the  Navy  Depart¬ 
ment  be  thanked  for  their  cooperation  in  presenting  papers  of  interest. 
Motion  seconded  and  passed. 

During  the  second  business  meeting,  held  at  noon,  May  17,  a  prize 
was  established  for  the  best  work  presented  by  members  of  the  Junior 
Academy  in  the  field  of  engineering.  Mr.  Niemeier  accepted  the  Chair¬ 
manship  of  the  “Junior  Academy  Engineering  Award  Committee.” 
Niemeier,  Murphy,  Witt,  Truitt,  and  Szebehely  offered  to  take  care  of  the 
expenses  connected  with  the  award  which  shall  consist  of  a  scroll  and  a 
sum  of  $25.  The  Chairman  of  this  committee  was  instructed  to  contact 
the  Chairman  of  the  Junior  Academy  and  make  all  necessary  arrange¬ 
ments  for  the  1952  Annual  Meeting  in  connection  with  the  above  mention¬ 
ed  award. 
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Minutes  of  the  Section  of  Geology  [8] 

William  H.  Brown,  Chairman 
Raymond  S.  Edmundson,  Vice-Chairman 
William  T.  Parrott,  Secretary 
Byron  N.  Cooper,  Section  Editor  (1953) 

FRIDAY,  MAY  16—9:00  A.  M.— JOHN  SMITH  ROOM 

1.  Soil  Conditions  in  the  Norfolk  County  Virginia  Area  of  the  Great 

Dismal  Swamp. 

Elvin  F.  Henry  and  Hobart  C.  Porter;  Virginia  Agricultural 
Experimental  Station ,  Soil  Conservation  Service . 

The  Dismal  Swamp  is  a  large  level  to  almost  level  tract  of  land 
lying  within  the  lower  Coastal  Plain  of  Virginia  and  North  Carolina. 
Its  total  area  comprises  about  400  square  miles  of  which  about  140  square 
miles  are  in  Virginia,  being  parts  of  Norfolk  and  Nansemond  counties. 
All  of  the  swamp  in  Virginia  is  included  in  the  regional  physiographic 
area  known  as  the  Flatwoods.  The  elevation  ranges  from  sea  level  to 
about  20  feet.  All  of  the  swamp  lands  have  been  classified  with  the 
Princess  Anne  and  Dismal  Swamp  terraces  which  range  in  elevation 
from  sea  level  to  25  feet. 

The  Norfolk  county  area  of  the  Dismal  Swamp  has  a  very  complex 
pattern  of  soil  and  peat  conditions.  These  soils  are  generally  classified 
as  Bogs,  consisting  principally  of  mucky  peat  and  mucky  or  peaty 
materials  mixed  with  mineral  soil.  In  many  places  the  peat  or  mixed 
soil  is  topped  with  a  reddish  brown  finely  divided  ashy  material,  the 
residue  of  peat  burning.  The  depth  of  the  peat  layers  varies  considerably 
from  place  to  place  ranging  from  about  10  feet  or  more  in  the  Lake 
Drummond  area  to  only  a  few  inches  in  areas  nearer  the  outer  periphery. 
The  mineral  soil  textures  range  from  loose  open  sands  to  sticky  clays. 
Many  of  the  soils  are  gray  to  dark  gray  in  the  surface  and  mottled  gray 
and  yellowish  brown  in  the  subsoil.  A  semi-detailed  soil  map  of  the 
swamp  area  indicated  a  fairly  large  area  of  mucky  peat  surrounding 
Lake  Drummond  and  extending  outward  from  the  lake  in  an  irregular 
pattern.  Some  large  areas  of  relatively  shallow  mucky  peat  over  sands 
and  clays  have  been  mapped  near  the  center  of  the  swamp  indicating 
the  uneven  nature  of  the  peat  burning. 

Lake  Drummond,  the  largest  fresh  water  lake  in  Virginia  lies  almost 
entirely  within  Norfolk  county.  Its  total  area  is  about  2500  acres  and  it 
occurs  on  a  higher  elevation  than  most  of  the  surrounding  swamp 
lands.  This  lake  receives  water  from  surrounding  areas  and  possible 
underground  sources.  It  serves  as  a  feeder  source  for  the  Dismal  Swamp 
Canal. 

The  swamp  vegetation  is  varied.  Tree  growth  consists  of  swamp  and 
sweet  gum,  red  maple,  cypress,  loblolly  and  pond  pine,  and  scattered 
areas  of  white  cedar.  Shrubs  and  grasses  include  myrtle,  bayberry, 
gallberry,  smilax,  blackberry,  reeds,  marsh  grass,  and  sphagnum  moss. 
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2.  First  Discovery  of  a  Long  In-Line  or  Coaxial  Arrangement  of 

Structures  that  Indicate  Deep  Crustal  Penentration. 

B.  Ashton  Keith;  The  Institute  of  Sciences. 

Comparison  of  our  voluminous  field  notes  taken  since  1909,  with 
the  authoritative  reports  of  State  and  National  Geologic  Surveys  defi¬ 
nitely  confirms  our  discoveries  of  four  sets  or  systems  of  approximately 
parallel  zones  of  mild  crustal  distortion  that  cross  North  America  or 
large  parts  of  it — making  a  giant  grid,  which  divides  the  underlying 
igneous  rocks  into  great  blocks,  mostly  of  quadrangular  or  triangular 
shape. 

Studies  of  divers  records  have  indicated  that  practically  all  these 
crustal  blocks  continually  are  affected  by  very  great  stresses  that  cause, 
or  tend  to  cause  very  slow  movements  toward  the  equator  and  slightly 
toward  the  west.  Microscopic  studies  on  rocks  taken  from  many  places 
within  these  zones,  have  revealed  minute  distortions  that  must  have  been 
caused  by  microseismic  movements  (not  “micro-seisms”) ;  and  the  earth¬ 
quake  records  show  that  very  many  crustal  blocks  are  affected  by 
seismic  disturbances  with  comparative  frequency.  And  too,  they  indicate 
that  “earthquake  movement”  and  “earthquake  sounds”  within  the  earth 
generally  lead  in  that  direction  in  the  zone  that  is  nearer  the  equatorial 
bulge  of  the  earth,  but  seldom  or  never  toward  the  North  Pole. 

This  paper  sets  forth  the  circumstances  that  led  to  discovery  of  the 
first  segment  of  a  long  east-west  series  of  crustal  penetrations  and 
crustal  movements,  some  results  of  later  studies  westward  to  San  Fran¬ 
cisco  Bay,  and  eastward  across  Kansas,  Missouri,  Illinois  and  Kentucky. 
Extrapolation  of  that  trend  farther  east  leads  through  the  earthquake 
area  near  Wytheville,  below  Newport  News  to  the  mouth  of  Chesapeake 
Bay. 

3.  Geologic  Material  Surveys  as  Highway  Construction  Aids. 

John  P.  Meador;  Virginia  Department  of  Highways . 

Due  to  an  increase  in  highway  construction,  the  need  for  finding 
all  available  local  material  which  can  be  used  on  the  job  is  absolutely 
necessary.  The  location  of  such  materials  is  reflected  in  lower  costs  in 
bidding  and  shorter  time  to  complete  the  project. 

The  Virginia  Department  of  Highways  has  95  percent  of  the  State 
mapped  for  local  materials  such  as  stone,  sand,  sand  and  gravel,  and 
gravel.  These  deposits  are  first  correlated  on  a  geologic  county  map, 
located  by  latitude  and  longitude,  property  owner,  and  quantities  esti¬ 
mated.  The  conventional  tests  are  run  on  these  samples  submitted  and 
attached  to  the  sample  sheet.  These  are  filed  and  a  complete  report  is 
then  written  district  by  district.  It  is  estimated  that  savings  to  both 
contractor  and  the  State  will  be  effected  by  such  an  inventory. 

4.  Current  Projects  and  Present  Status  of  The  State  Geological 

Survey1. 

William  M.  McGill;  Virginia  Geological  Survey. 

This  paper  consists  of  a  report  on  various  projects  and  activities  of 
the  State  Geological  Survey  for  the  years  1951  and  1952  (to  date),  pro- 


1.  Presentation  and  publication  approved  by  the  State  Geologist  of  Virginia. 
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posed  projects  for  the  1952-1953  fiscal  year,  and  the  current  status  of  the 
Survey  in  personnel  and  facilities.  Discussed  are  (1)  recent  and  current 
project  assignments  of  the  present  6-man  technical  staff;  (2)  summer 
seasonal  projects;  (3)  recent  and  proposed  cooperative  projects  with 
the  U.  S.  Geological  Survey;  (4)  topographic  mapping  in  Virginia; 

(5)  recent  and  projected  publications;  (6)  additional  or  special  co¬ 
operative  ground-water  investigations;  and  (7)  planned  new  facilities, 
and  authorized,  needed  additions  to  the  technical  staff. 


5.  An  Occurrence  of  Fresh-Water  Triassic  Limestone  in  Culpeper 
County,  Virginia. 

R.  S.  Young  and  R.  S.  Edmundson ;  University  of  Virginia. 

The  limestone  bed,  ranging  from  6  to  9  inches  in  thickness,  occurs 
in  the  Manassas  (Triassic)  sandstone  and  is  exposed  in  a  quarry  along 
State  Route  3  about  3  %  miles  east  of  Culpeper.  It  has  an  oolitic  texture 
and  an  uneven  fabric.  Minor  structures  include  diastems  and  micro¬ 
faults. 

Calcite  comprises  about  87  per  cent  of  the  rock.  Specialists  in  x-ray 
and  differential  thermal  analyses  identified  ohlorite,  quartz,  and  small 
amounts  of  talc  in  the  light  fraction  of  the  insoluble  residue  and  illite 
in  the  clay-sized  material.  Of  the  eight  minerals  recognized  by  petro¬ 
graphic  study  of  the  heavy  mineral  fraction,  zircon  and  pyrite  are 
abundant,  rutile  and  tourmaline  are  scarce,  and  ilmenite,  hematite, 
garnet,  and  corundum  are  rare. 

A  possible  origin  is  suggested  as  follows:  (1)  wind  rolls  of  small 
pellets  of  clay  into  lacustrine  carbonate  rich  waters;  (2)  deposition 
of  calcite  around  the  nuclei;  (3)  lowering  of  wave-base  and  the  break¬ 
down  into  fragments  containing  ollites;  (4)  raising  of  wave-base  and 
the  simultaneous  deposition  of  clay,  oolites,  and  fragments  containing 
oolites;  (5)  differential  compaction  causing  minor  folding  and  faulting; 

(6)  deepening  of  basin  and  deposition  of  overlying  red  sandstone;  and, 

(7)  deposition  of  secondary  quartz  in  pore  spaces  and  growth  of  pyrite 
crystals. 


6.  Observations  on  the  Basement  Complex  of  the  Atlantic  Coastal 
Plain. 

Wilbur  A.  Nelson;  University  of  Virginia. 

Over  100  deep  wells  have  been  drilled  from  Maryland  to  Florida 
since  1938,  most  of  them  in  the  Coastal  Plain  region  of  Florida,  Georgia, 
and  Alabama,  which  permit  the  making  of  an  excellent  1000  ft.  contour 
map  of  this  area.  The  prominent  topographic  feature  is  a  low  dome 
known  as  the  “Ocala  Dome,”  located  in  northern  Florida,  and  a  distinct 
topographic  ridge  extending  southward  under  the  axis  of  the  present 
Florida  peninsula.  The  structural  geology  of  the  basement  complex 
of  the  Georgia-Florida  region  does  not  coincide  with  the  topography  of 
the  basement  complex.  The  author’s  interpretation  of  the  geologic  struc¬ 
ture  of  the  basement  complex  is  the  occurrence  of  an  east-west  synclinal 
fold  along  the  Florida-Georgia  line,  composed  of  Silurian  and  Ordovician 
rocks  and  bounded  to  the  north  and  south  by  an  east-west  belt  of 
rhyolites,  tuffs,  and  agglomerates  which  are  classified  as  Ordovician 
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in  age.  These  volcanics  in  turn  rest  to  the  north  and  south  on  a  pre- 
Cambrian  complex  which  makes  up  the  basement  complex.  Further 
south,  the  basement  complex  of  Florida  is  composed  of  Jurassic  rocks. 
From  Georgia  northward  to  Maryland,  the  topography  of  the  basement 
complex  shows  a  great  trough  or  valley,  extending  along  the  southeast 
and  northwest  line,  through  Cape  Hatteras,  while  along  the  North  Caro¬ 
lina — South  Carolina  line  is  a  distinct  topographical  ridge.  Another 
topographic  trough  or  valley  occurs  on  a  north-west,  south-east  line 
just  a  few  miles  north  of  Waycross,  Georgia.  Whether  these  two  troughs 
and  the  one  ridge  coincide  with  the  structure  of  the  geology  of  the 
basement  complex  north  of  Florida,  is  not  known. 

7.  Mineralogical  Studies  of  Sediments  of  the  Pamunkey  River. 

R.  L.  Figgers,  F.  T.  McClintock  and  A.  P.  Neff;  Washington  and 
Lee  University. 

A  study  of  sands  collected  along  the  Pamunkey  River,  beginning  on 
the  South  Anna  River,  its  southern  branch,  near  Gordonsville,  Orange 
County,  Virginia,  and  continuing  downstream  to  Yorktown,  York  County, 
Virginia,  shows  seven  correlations  between  the  heavy  minerals  of  the 
sediment  and  the  formations  of  the  drainage  area.  With  the  exception 
of  the  increase  in  staurolite  after  the  stream  had  received  sediment  from 
the  St.  Mary’s  formation  in  the  Coastal  Plain,  all  the  correlations  were 
with  Pre-Cambrian  formations  of  the  Piedmont. 

8.  Mineralogical  Studies  of  the  Sediments  of  the  Rappahannock  River. 

J.  L.  Bowles,  W.  H.  Foster,  Jr.  and  W.  L.  Osborne;  Washington 
and  Lee  University . 

Representative  samples  of  the  stream  sediments  of  the  Rappahannock 
River  and  its  drainage  basin  were  collected  at  such  points  as  to  repre¬ 
sent  the  contributions  of  all  the  geologic  formations  traversed  by  the 
streams  of  the  drainage  area  in  an  effort  to  correlate  the  sediments  and 
their  parent  formations.  Standard  laboratory  procedure  was  used  to 
process  these  samples,  and  slides  were  made  of  the  heavy  minerals.  The 
minerals  found  in  this  area  were  Magnetite  and  Ilmenite,  Amphibole 
and  Pyroxene,  Muscovite,  Zircon,  Epidote,  Rutile,  Hypersthene,  Tour¬ 
maline,  Garnet,  Staurolite,  Sillimanite,  Kyanite,  Biotite,  and  Andalusite. 
Three  distinct  correlations  could  be  made;  (1)  Near  the  headwaters 
in  the  northwest  area  of  granites,  gneisses  and  greenstones  Epidote 
could  be  traced  to  the  Catoctin  Greenstone  and  Hypersthene  to  the 
Hypersthene  Granodiorite.  (2)  In  the  central  part  of  the  area  Staurolite 
could  be  traced  to  the  Wissahickon  Schist.  (3)  In  the  eastern  part  of 
the  area  Kyanite  and  Sillimanite  occur  for  the  first  time  so  it  is  assumed 
that  the  Tertiary  deposits  in  this  area  must  be  responsible  for  them. 

9.  Heavy  Mineral  Studies  of  the  Sediments  of  the  Appomattox  River, 

Virginia. 

R.  J.  Maccubbin,  D.  R.  Moreland,  R.  E.  Schaub,  P.  D.  Weill; 
Washington  and  I^ee  University. 

Samples  of  sediments  were  collected  from  the  Appomattox  River 
and  its  drainage  basin  in  the  middle  Piedmont  of  Virginia.  The  usual 
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laboratory  procedure  for  heavy  mineral  separation  in  the  study  of  sedi¬ 
ments  was  used.  Slides  were  made  of  the  heavy  mineral  separates  and 
examined  for  possible  correlations  between  the  sediments  and  formations 
over  which  the  Appomattox  River  passed.  Heavy  minerals  found  in 
this  study  were  tourmaline,  epidote,  amphibole-pyroxene,  staurolite, 
rutile,  magnetite-ilmenite,  muscovite,  kyanite,  zircon,  garnet,  sillimanite, 
biotite,  chlorite,  and  titanite.  There  were  four  correlations  made.  The 
Wissahickon  formation  is  a  possible  source  of  staurolite,  muscovite,  and 
kyanite.  The  Greenstone  volcanic  outcrops  in  the  area  of  Appomattox, 
Virginia  is  a  possible  source  of  epidote,  as  well  as  a  diabase  dyke  located 
eleven  miles  downstream  from  Farmville,  Virginia.  Other  minerals 
found  in  the  samples  were  either  too  abundant  or  too  rare  to  be  of  use 
for  correlation  purposes. 

10.  Ground-Water  Conditions  on  the  Eastern  Shore  Peninsula,  Virginia2. 

Allen  Sinnott;  U.  S.  Geological  Survey ,  Ground-water  Branch, 
Charlottesville. 

The  surficial  rocks  of  the  Eastern  Shore  are  largely  sands  and  gravels 
of  Pleistocene  age  having  a  maximum  thickness  of  75  feet.  These  are 
underlain  by  about  900  feet  of  shell  marl,  sands,  and  clays  of  Miocene 
age,  which  in  turn  are  underlain  by  glauconitic  sands  of  Eocene  age  and 
sands,  clays,  and  gravels  of  Cretaceous  age.  The  Pre-Miocene  sediments 
may  reach  a  total  thickness  of  2,000  feet. 

The  Pleistocene  rocks  yield  small  quantities  of  water  to  thousands 
of  shallow  wells,  and  supplies  of  as  much  as  140,000  gallons  per  day  are 
obtained  by  pumping  several  wells  as  a  unit.  Most  of  the  large  municipal 
and  industrial  supplies  are  obtained  from  aquifers  of  Miocene  age,  a  few 
single  wells  yielding  more  than  600,000  gallons  per  day.  The  aquifers 
of  Eocene  and  Cretaceous  age  in  the  southern  part  of  the  peninsula  may 
yield  water  containing  undersirable  amounts  of  chloride. 

Determination  of  the  percentage  of  sodium  among  the  cations  in 
representative  ground-water  samples  indicates  that  most  of  the  water 
from  the  aquifers  of  Pleistocene  and  Miocene  age  is  suitable  for  irriga¬ 
tion. 

In  order  to  adjust  the  harvest  time  of  crops  to  optimum  marketing 
conditions,  irrigation  is  becoming  more  widespread,  and  it  is  likely  that 
in  the  near  future  the  aquifers  in  some  areas  may  be  heavily  pumped  for 
short  periods  each  summer. 


11.  The  Structure  and  Stratigraphy  of  the  Barringer  and  Ingles  Moun¬ 
tain  “Windows/’  Montgomery  County,  Virginia. 

Charles  J.  Gose,  Jr.;  Virginia  Polytechnic  Institute. 

The  Barringer  and  Ingles  Mountain  area,  in  west  central  Mont¬ 
gomery  County,  contains  sedimentary  rocks  in  age  from  Lower  Cambrian 
to  Upper  Devonian.  Also  present  are  two  post-Devonian  formations,  one 


2.  Publication  approved  by  the  Director,  U.  S.  Geological  Survey,  and  the 
State  Geologist  of  Virginia. 
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formed  as  the  result  of  deformation  which  affected  the  area,  the  other 
an  alluvial  cover  dotting  the  remnants  of  the  Harrisburg  surface  above 
New  River. 

The  initial  stage  in  the  deformational  history  of  the  area  was  the 
advance  of  an  overthrust  segment.  This  was  followed  by  folding  and 
high-angle  thrust  faulting.  The  folding  of  the  autochthonous  block 
below  the  overthrust  sheet  resulted  mainly  in  a  synclinal  structure  of 
the  inliers  which  are  exhumed  portions  of  the  autochthonous  block, 
their  uplift  having  been  accomplished  by  the  high-angle  thrust  faulting. 
The  inliers,  therefore,  are  not  true  windows  inasmuch  as  they  are  not 
surrounded  by  the  same  fault  trace  but  are  bounded  on  the  northwest  by 
a  high-angle  fault  system  that  cuts  both  the  overthrugt  sheet  and  the 
overridden  blocks  of  the  Pulaski  fault. 

12.  Chert  Crystals  from  the  Knox  Dolomite. 

Richard  V.  Dietrich ;  Virginia  Polytechnic  Institute . 

Chert  has  been  found  to  occur  in  the  form  of  imperfect  hexagonal 
prisms  (ranging  from  3  inches  to  10  inches  across)  near  the  top  of  the 
Knox  dolomite  along  Indian  Run,  2%  miles  east  of  Blacksburg,  Virginia. 

Physical  properties,  including  optical  and  x-ray  data,  and  the 
chemical  composition  of  the  chert  have  been  determined.  Petrographic 
examination  shows  that  the  chert  is  comprised  of  small  grains  of  quartz, 
micro-pore  spaces,  and  minor  impurities  in  a  matrix  of  opal  and  chal¬ 
cedony. 

The  single  chert  crystals  may  be  mainfestations  of  a  preferred 
orientation  of  the  numerous  small  individuals  of  quartz. 

13.  Foreset  Bedding  in  the  Clinch — Tuscarora  Sandstone  of  Virginia. 

W.  D.  Lowry;  Virginia  Polytechnic  Institute. 

Foreset  bedding  with  an  original  dip  of  as  much  as  20  degrees  occurs 
in  the  Clinch-Tuscarora  sandstone  at  a  number  of  localities  in  the 
Valley  and  Ridge  Province  of  western  Virginia.  In  western  belts,  the 
original  dip  of  the  foresets  was  predominantly  to  the  northwest.  In 
middle  and  eastern  belts,  the  original  dip  of  the  foreset  beds  was  mainly 
to  the  northwest.  Although  original  dips  of  the  foresets  to  the  southwest, 
west,  north,  and  even  north-northeast  in  the  easternmost  belt  have  been 
noted;  no  original  dips  to  the  east  or  southeast  have  been  found.  Only 
in  the  Massanutten  Mountain  area  where  the  Silurian  sandstones  have 
not  been  differentiated  is  there  a  tendency  toward  compound  foreset 
bedding. 

The  predominant  northwesterly  original  dip  of  the  foresets  indicates 
that  the  water  which  deposited  the  Clinch-Tuscarora  sands  was  moving 
to  the  northwest  and  that  their  source  lay  to  the  southeast.  Supporting 
evidence  is  found  in: 

1.  Decrease  in  the  size  of  the  chief  ingredient  of  the  sands  from 
southeast  to  northwest. 

2.  Decrease  in  percentage  of  coarse  sand  and  pebbles  to  the  north¬ 
west 

3.  Decrease  in  rounding  to  the  northwest. 

4.  Apparent  decrease  in  total  thickness  to  the  northwest  and  a 
decrease  in  thickness  of  individual  beds. 
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5.  An  increase  in  the  aggregate  thickness  of  the  lower  Silurian 
sandstone  section  to  the  southeast  where  the  Clinch-Tuscarora  has  not 
been  separated  such  as  in  the  Massanutten  Mountain  area. 

6.  The  piesence  of  swash  marks  in  the  Clinch-Tuscarora  sandstone 
which  indicates  that  the  waves  broke  on  a  shore  to  the  southeast. 


Geology,  Soil  Mechanics,  and  Botany. 

Stephen  Taber;  University  of  South  Carolina. 

The  youthful  science,  soil  mechanics,  properly  belongs  with  the 
other  earth  sciences  in  the  geology  family,  for  it  deals  with  the  physi¬ 
cal  properties  of  the  surficial  mantle  of  the  earth  and  the  exploration 
of  geological  phenomena,  but  the  geologists  have  neglected  this  science, 
and  it  has  been  kidnapped  by  the  engineers.  World  War  II  has  emphasiz¬ 
ed  the  importance  of  soil  mechanics,  frost  heaving,  and  related  problems. 
Many  organizations  including  the  Navy,  Army,  and  United  States 
Geological  Survey  have  sponsored  much  research  in  this  field,  but  many 
enthusiastic  young  scientists  have  been  handicapped  by  lack  of  training 
in  soil  mechanics. 

The  mechanics  of  frost  heaving  in  the  tundra  of  Alaska  are  largely 
confined  to  upward  expansion  of  the  ice  crystals  in  the  silt  as  the  layers 
of  vegetation  insulate  the  sides  of  the  soil  so  no  appreciable  lateral  move¬ 
ment  takes  place. 

Geological  students  planning  to  study  problems  involving  frost  action 
are  urged  to  take  a  well  designed  laboratory  course  in  soil  mechanics  so 
that  many  geological  phenomena  which  are  attributed  to  horizontal 
thrusting  or  expansion  in  volume  would  be  explained  in  terms  of  soil 
mechanics.  They  might  better  appreciate  the  value  of  experimental  as 
well  as  observational  evidence  in  the  solution  of  geological  problems. 


14.  A  Bryozoan  Fauna  from  the  Tyrone  Formation  Near  Hagan,  Lee 

County,  Virginia. 

Mary  H.  Ross  and  Wayne  E.  Moore;  Virginia  Polytechnic  Insti¬ 
tute.  (Presented  by  Mary  H.  Ross). 

The  fauna  described  in  this  paper  was  obtained  from  a  sequence  of 
impure  limestones,  limestones,  greenish  mudstones,  and  bentonites  that 
are  exposed  in  a  cut  along  the  Louisville  and  Nashville  Railroad  near 
Hagan,  Lee  County,  Virginia.  These  beds  have  been  referred  in  the  past 
to  the  Eggleston  formation  and  correlated  with  the  Tyrone  or  “Birdseye” 
limestone  of  Kentucky. 

The  Tyrone  was  first  considered  to  be  of  Chazyan  age,  but  was 
correlated  by  Foerste  in  1913  with  the  Black  River.  In  1941  Schuchert  and 
Dunbar  placed  the  Tyrone  in  the  lower  Trenton.  Huffman  in  1945  advanc¬ 
ed  stratigraphic  reasons  for  the  Trenton  age  of  the  Eggleston  in  Virginia 
and  the  Tyrone  in  Kentucky  which  he  correlated  with  the  Rockland- 
Kirkfield  of  the  New  York  standard  section.  Since  that  time  these  beds 
have  been  regarded  as  equivalents  of  the  Rockland.  B.  N.  Cooper  in 
1950  called  these  beds  Tyrone  because  he  believed  them  not  to  be  exact 
equivalents  of  the  Eggleston. 

This  bryozoan  fauna  is  being  described  for  two  reasons:  to  assemble 
further  evidence  for  an  accurate  age  determination  of  the  Tyrone  in  Lee 
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County,  and  to  establish  known  bryozoan  zones  that  are  related  to  the 
more  modern  stratigraphic  units  in  use  today  in  the  Virginia-Tennessee- 
Kentucky  area. 

This  fauna  is  characterized  by  the  genera  Batostoma  Homotrypa, 
Callopora,  Monticulipora,  Prasopora,  Atactoporella s  Escharopora,  Rhini- 
dictya,  Helopora ,  and  a  few  genera  that  have  not  been  sectioned  as  yet. 
Preliminary  study  of  the  species  suggests  a  lower  Trenton  age. 


15.  Preliminary  Report  on  the  Occurrence  of  Ordovician  Foraminifera 
Near  Catawba,  Virginia. 

Wayne  E.  Moore;  Virginia  Polytechnic  Institute. 

Records  of  pre-Mississippian  Foraminifera  are  rare  in  geological 
literature.  Approximately  one  dozen  papers  report  the  only  occurrences. 
Most  early  Paleozoic  foraminiferal  faunas  have  been  reported  from  the 
Silurian  and  Devonian  in  North  America  and  in  Europe.  Ordovician 
Foraminifera  have  been  reported  by  Moreman  from  the  limestones  of 
Oklahoma  and  questionable  remains  are  reported  by  Yabe  and  Hanzawa 
from  the  Ordovician  of  Manchuria. 

This  fauna  was  obtained  from  limestones  exposed  near  the  base  of 
Catawba  mountain  near  Catawba,  Virginia,  along  Highway  311.  The 
limestone  is  of  middle  Trenton  age.  The  arenaceous  Foraminifera  were 
freed  from  the  matrix  by  dissolving  the  limestone  in  dilute  acid.  The 
insoluble  residue  was  then  carefully  washed  free  of  mud,  and  the  residue 
examined  for  Foraminifera. 

One  unquestioned  species  of  Foraminifera  has  been  recovered  from 
the  residue.  At  least  two  questionable  species  that  may  be  referred  to 
the  Foraminifera  have  been  recovered.  The  problems  of  identifying  early 
Paleozoic  Foraminifera  will  be  discussed,  and  some  suggested  methods 
of  study  will  be  proposed. 


16.  Vertical  Stylolites. 

B.  N.  Cooper;  Virginia  Polytechnic  Institute. 

Examination  of  about  2,500  feet  of  cores  from  the  Mississippian  lime¬ 
stone  formations  just  north  of  Horton  Summit,  Scott  County,  Virginia, 
has  afforded  the  writer  an  excellent  opportunity  to  determine  the  prob¬ 
able  origin  of  stylolites  so  abundantly  developed  in  these  strata.  The 
beds  involved  are  so  nearly  horizontal  that  the  vertical  “sutures”  noted 
at  several  stratigraphic  levels  in  the  Mississippian  limestone  cannot  be 
explained  as  “tilted  stylolites.”  Many  are  sufficiently  perpendicular  to 
bedding  to  be  traceable  in  vertical  cores  for  distances  of  up  to  feet. 
The  vertical  stylolites  have  the  same  features  as  those  that  are  parallel 
or  subparallel  to  bedding.  The  probable  origin  of  the  stylolites,  both 
horizontal  and  vertical,  is  considered  to  be  somewhat  different  than 
would  be  possible  under  the  “pressure-solution”  hypothesis  as  generally 
conceived. 
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17.  Headward  Growth  of  Anticlinal  Valleys  by  the  Karst  Cycle  of 

Erosion. 

Charles  F.  Lane;  Longwood  College. 

Much  has  been  written  about  cycles  of  erosion  in  karst  regions  and 
about  the  evolution  of  the  present  topography  in  the  folded  Appalachians. 
The  literature  on  the  erosion  of  the  folded  structures  has  been  concerned 
mostly  with  the  development  of  surface  drainage  and  the  evolution  of 
topography  by  the  fluvial  cycle  of  erosion. 

While  working  on  a  physiographic  field  problem  in  the  Cumberland 
Plateau  of  Tennessee,  the  author  was  impressed  by  the  importance  of 
solution  and  subterranean  streams  in  the  headward  growth  of  Sequatchie 
valley.  This  valley  has  been  eroded  along  the  axis  of  an  anticline  which 
extends  for  nearly  200  miles  from  Cumberland  County,  Tennessee, 
southwestward  into  Alabama. 

A  study  of  six  coves  in  this  area  reveals  that  the  surface  features 
have  been  developed  by  two  types  of  erosion  cycles.  The  initial  stages 
in  the  evolution  of  the  topography  resulted  from  the  fluvial  cycle  of 
erosion  on  folded  strata,  while  the  later  stages  were  the  result  of  the 
karst  cycle  of  erosion.  It  may  be  assumed  that  the  same  processes  that 
are  so  active  today  were  active  in  forming  the  entire  Sequatchie  valley 
and  many  of  the  anticlinal  valleys  in  the  Ridge  and  Valley  Province. 

18.  The  Geologist  as  His  Own  Press  Agent. 

W.  T.  Parrott;  Virginia  Department  of  Highways. 

In  spite  of  the  advance  of  geology  into  fields  of  modern  endeavor, 
the  popular  conception  of  a  geologist  is  a  doddering  individual  who 
thinks  in  astronomical  time  units  and  speaks  in  an  unintelligible  tongue. 
It  is  realized  that  for  academic  work  the  geologist  must  use  technical 
terms  but  he  has  not  done  a  great  deal  to  translate  his  ideas  and  findings 
into  terms  which  can  be  understood  by  the  general  public. 

The  geologist  should  do  all  he  can  to  encourage  the  study  of  geology 
in  the  high  schools,  among  high  school  teachers,  and  to  see  that  any  new 
ideas  or  bulletins  are  used  by  the  newspapers  in  a  popular  way  in  order 
for  all  people  to  benefit  from  the  new  advances  in  this  science.  The 
geologist  as  an  individual  or  the  profession  as  a  whole  does  not  desire 
public  adoration  or  cheap  publicity.  Geologists  should  however  demand 
to  be  recognized  for  their  achievements  either  singly  or  in  cooperation 
with  other  sciences. 


19.  The  Role  of  Temperature  in  Pegmatite  Formation. 

Paul  L.  Weis;  University  of  Virginia. 

A  study  of  fluid  inclusions  in  minerals  from  zoned  pegmatites  was 
undertaken  as  a  check  on  the  theory  of  zoned  development  through 
fractional  crystallization  in  a  restricted  system.  Beryl,  spodumene,  and 
garnet  gave  results  that  showed  general  agreement;  the  most  extensive 
results  were  obtained  from  beryl. 

Temperature  determinations  were  made  by  heating  polished  mineral 
sections  under  the  microscope  and  recording  the  temperature  of  dis¬ 
appearance  of  the  vapor  phases  of  the  fluid  inclusions. 
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Beryl  from  inner  zones  of  the  Highland  Lode  and  Bob  Ingersoll  No. 
1  pegmatites  yielded  lower  temperatures  than  beryl  from  outer  zones. 
Results  from  the  Peerless  and  Bob  Ingersoll  No.  2  pegmatites  were  in¬ 
conclusive  or  contradictory.  No  other  pegmatites  gave  enough  data  to 
allow  establishment  of  any  temperature  trends. 

Temperatures  observed  in  beryl  ranged  from  216°  to  515°  C.  Results 
from  individual  crystals  showed  a  range  of  9°  to  nearly  200°  C.,  and 
individual  zones  gave  ranges  of  65°  to  230°  C. 

Data  were  too  meager  to  permit  presentation  of  conclusions,  but 
results  give  tentative  support  to  the  hypothesis  of  fractional  crystalliza¬ 
tion.  Estimates  of  pressures  prevalent  at  the  time  of  crystallization  imply 
temperatures  of  crystallization  in  excess  of  800°  C.  for  early-forming 
beryl  crystals. 

20.  Preliminary  Notes  on  the  Rockfish  Conglomerate,,  Virginia. 

Horace  B.  Cooke,,  Jr.;  University  of  Virginia. 

This  paper  reports  on  the  detailed  mapping  and  petrographic  study 
of  the  Rockfish  Conglomerate  which  was  first  reported  by  Prof.  W.  A. 
Nelson  in  1932.  It  is  an  abstract  itself  of  a  thesis  in  candidacy  for  the 
degree  of  Master  of  Science. 

The  Rockfish  Conglomerate  is  described  and  its  limits  are  stated. 
It  is  further  broken  down  into  the  two  members  Rockfish  Conglomerate 
Restricted  and  Mt.  Jefferson  Sandstone.  Each  of  these  members  is 
described  in  detail. 

Three  problems  are  recognized  related  to  the  Rockfish  Conglomerate. 
These  are  the  source  of  the  material,  the  method  of  transportation  and 
deposition,  and  the  metamorphism  of  the  Rockfish  sediments.  Each  of 
these  three  questions  is  discussed  and  probable  answers  postulated  on 
the  basis  of  field  and  laboratory  study. 
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Minutes  of  the  Section  of  Medical  Sciences  [9] 

D.  T.  Watts,  Chairman 
E.  G.  Huff,  Secretary 
William  Bickers,  Section  Editor  (1953) 


FRIDAY,  MAY  16—9:00  A.  M.— CHESAPEAKE  ROOM 


1.  Variations  in  Heparin  Metachromasy. 

John  W.  Kelly;  Medical  College  of  Virginia. 

Heparin  and  related  acid  mucopolysaccharides  stain  mettachro- 
matically  with  toluidine  blue.  Using  this  dye,  heparin  metachromasy  may 
be  studied  by  vital  staining,  by  the  staining  of  fixed  sections,  and 
in  vitro  using  a  spectrophotometer.  The  last  method,  in  conjunction  with 
model  systems,  provides  information  of  value  in  interpreting  the  results 
of  both  staining  methods.  Basic  proteins  are  known  to  form  strong  salts 
with  acid  mucopolysaccharides.  This  fact  was  utilized  to  produce 
“potentially  metachromatic”  systems  by  suppressing  heparin  metachro¬ 
masy  with  protamine  and  histone.  The  effects  of  heat,  ultraviolet  irradia¬ 
tion,  x-rays,  and  proteolytic  enzymes  upon  these  suppressed  systems 
were  then  studied.  The  resulting  spectrophotometric  changes  were  usual¬ 
ly  related  to  change  or  destruction  of  the  basic  protein,  the  heparin 
being  unaffected.  X-rays,  however,  destroy  both  basic  proteins  and 
heparin.  These  results  may  be  related,  in  part,  to  physiological  and 
cytochemical  observations. 


2.  Studies  on  the  Persistence  of  Digitalis  Effectiveness  in  Dogs. 

Mark  E.  Holt,  Jr.  and  Harvey  B.  Haag;  Medical  College  of 
V  irginia. 

The  potencies  of  the  preparations  were  determined  by  slow  intra¬ 
venous  injection  of  the  diluted  preparation  into  anesthetized  dogs  to 
cardiac  standstill.  Values  were:  digitoxin  0.63  mgms./kgm.,  digitalis 
118  mgms./kgm.  In  intravenous  studies,  50%  value  was  given  in  one 
dose,  and  at  various  intervals  dogs  were  “back  titrated.”  Oral  persistence 
studies  were  done  only  with  digitoxin.  These  dogs  were  given  from  20% 
to  70%  of  the  intravenous  unit  daily.  The  clinical  end  point  was  nausea 
and  vomiting  for  two  successive  days  at  which  time  the  dogs  were  “back 
titrated.”  Base  line  electrocardiograms  were  taken  before  dosage  and 
repeated  immediately  prior  to  and  during  “back  titration.”  Anesthesia 
consisted  of  intravenous  phenotbarbital.  In  dogs  digitalis  leaf  manifests 
a  greater  persistence  of  activity  than  does  digitoxin  on  intravenous  ad¬ 
ministration.  On  oral  administration  consistent  evidence  of  a  cumulative 
effect  occurred  only  when  digitoxin  was  given  in  amounts  corresponding 
to  50  %  of  the  average  intravenous  fatal  dose.  “Back  titration”  at  the 
time  of  vomiting  showed  significant  persistence  in  dogs  which  were  “back 
titrated”  15  minutes  to  2  hours  after  vomiting  on  the  day  of  dosage.  Dogs 
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which  vomited  and  were  titrated  24  hours  later  showed  no  persistence 
by  this  method.  Electrocardiograms,  in  instances,  showed  evidence  of 
digitalis  effect  in  dogs  which  individually  showed  no  persistence  by  “back 
titration.” 

3.  Toxicological  Studies  on  the  Zinc  and  Disodium  Salts  of  Ethylene 
Bisdithiocarbamate  (Dithanes  Z  78  and  D  14  R). 

R.  Blackwell  Smith,  Jr.,  J.  K.  Finnegan,  P.  F.  Sahyoun,  H.  B. 

Haag;  and  P.  S.  Larson;  Medical  College  of  Virginia. 

The  acute  oral  LD50’s  in  rats  of  the  zinc  and  disodium  salts  of  ethylene 
bisdithiocarbamate  are  >5200  mgm./kgm.  and  395±12  mgm./kgm.  re¬ 
spectively.  The  zinc  compound  has  less  than  one  tenth  the  goitrogenic 
potency  reported  for  the  disodium  salt.  Dietary  levels  of  10,000  p.p.m. 
of  the  zinc  salt  are  required  to  produce  unequivocal  microscopic  pathology 
of  the  rat  thyroid  within  30  days,  although  an  upward  trend  in  gland 
weights  appears  at  lower  levels.  This  lesser  goitrogenic  potency  is 
apparently  due  to  the  fact  that  only  11-17%  of  the  zinc  compound  is 
absorbed  from  the  gastrointestinal  tract.  Neither  of  the  salts  is  a  notable 
primary  irritant  to  the  skin  of  man.  Individuals  may  be  sensitized  to 
skin  contact  with  the  disodium  salt,  but  no  evidence  of  sensitization  was 
obtained  with  the  zinc  compound.  The  feeding  to  rats  of  dietary  levels 
of  zero,  500,  1000,  2500,  5000,  and  10,000  p.p.m.  of  the  zinc  salt  for  a 
period  of  two  years  did  not  affect  mortality  in  the  male.  In  the  female 
there  was  apparent  increased  mortality  at  the  5000  and  10,000  p.p.m. 
level.  Adult  dogs  have  been  fed  the  zinc  compound  at  dietary  levels  of 
20,  2000  and  10,000  p.p.m.  for  one  year  without  adverse  effect  on  body 
weight.  Dogs  fed  10,000  p.p.m.  showed  a  definitely  increased  thyroid 
weight  to  body  weight  ratio.  Histopathologic  studies  are  in  progress. 


4.  Changes  in  the  Adrenal  Ascorbic  Acid  and  Cholesterol  Levels 
Following  Acute  Alcoholic  Intoxication. 

G.  M.  Duncan;  Medical  College  of  Virginia. 

Acute  intoxication  produced  by  oral  or  intraperitoneal  administra¬ 
tion  of  alcohol  resulted  in  depletion  of  the  adrenal  cholesterol  and 
ascorbic  acid  levels  in  both  intact  white  rats  and  guinea  pigs,  but  not  in 
hypophysectomized  rats.  It  is  recognized  that  the  depletion  which  occurs 
in  intact  but  not  in  hypophysectomized  animals  in  response  to  various 
forms  of  stress  stimuli  may  be  taken  as  an  indication  of  the  activation  and 
increased  secretory  level  of  the  adrenal  cortex  induced  by  release  of 
ACTH  from  the  anterior  pituitary.  Guinea  pigs  were  found  to  be  con¬ 
siderably  more  susceptible  to  an  oral  dose  of  alcohol.  For  example,  5 
gm./kgm.  of  body  weight  resulted  in  more  severe  and  prolonged  intoxi¬ 
cation  in  the  guinea  pig  than  7  gm./kgm.  in  the  rat  although  the  degree 
of  reduction  in  adrenal  cholesterol  and  ascorbic  acid  was  approximately 
the  same  for  both  species.  The  reduction  in  both  substances  occurred 
much  later  in  the  guinea  pig;  almost  no  change  being  apparent  in  9 
hours,  although  at  24  hours  both  substances  were  greatly  reduced.  Maxi¬ 
mum  depletion  was  usually  found  in  from  3  to  5  hours  in  the  rat  and 
restoration  was  underway  by  9  hours.  In  the  guinea  pig  ,  the  ascorbic 
acid  showed  no  significant  tendency  to  return  to  normal  and  the 
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cholesterol  level  rose  very  slowly  unless  ascorbic  acid  was  administered 
in  the  diet  or  otherwise.  The  injection  of  50  mgm.  of  sodium  ascorbate 
jointly  with  the  alcohol  and  at  24  hour  intervals  thereafter  accelerated 
the  return  of  the  cholesterol  and  restored  the  ascorbic  acid  to  the  control 
level  by  the  end  of  72  hours.  Intoxication  and  reduction  in  both  adrenal 
substances  occurred  in  the  rat  following  the  intraperitoneal  injection  of 
a  dose  of  alcohol  that  would  have  produced  almost  no  effect  if  taken 
orally.  The  guinea  pig,  however,  required  approximately  the  same 
amount  intraperitoneally  as  orally  in  order  to  obtain  comparable  intoxi¬ 
cation  and  reduction  of  these  adrenal  constituents. 


5.  Lipotropic  Action  of  Vitamin  B12. 

Forbes^  J.  C.  and  O.  Petterson;  Medical  College  of  Virginia. 

Studies  on  the  lipotropic  action  of  vitamin  Bi2  in  the  white  rat  show 
that  it  possesses  marked  lipotropic  activity  when  fed  along  with  a  low 
protein,  5%  fat  diet.  When  the  diet  contained  40%  fat  vitamin  Bi2  alone 
exerted  no  lipotropic  effect  when  fed  at  a  level  of  60  mg. /kg.  of  diet,  an 
amount  which  exerts  a  marked  lipotropic  effect  when  the  diet  contains 
only  5%  fat.  However,  if  the  basal  diet  contains  a  moderate  but  inade¬ 
quate  amount  of  choline  and  inositol  the  further  addition  of  vitamin  Bi2 
has  been  found  to  exert  quite  a  marked  lipotropic  effect.  It  is  thus 
apparent  that  the  lipotropic  requirement,  even  when  the  animals  are 
on  a  high  fat  diet,  can  be  at  least  partially  fulfilled  by  vitamin  Bi2. 


6.  The  Effects  of  Thyroxine  on  the  Oxidation  of  Ascorbate  and 
Succinate  by  the  Cytochrome  Oxidase  System. 

Chalmers  L.  Gemmill;  University  of  Virginia  Medical  School. 

Using  fresh  rat  heart  homogenates,  it  was  observed  that  thyroxine 
inhibited  the  oxidation  of  ascorbate  by  the  cytochrome  oxidase  system. 
The  degree  of  inhibition  was  inversely  proportional  to  the  cytochrome 
/c /concentration.  Thyroxine  stimulated  the  oxidation  of  succinate  in 
the  rat  heart  homogenate-cytochrome  c  system  but  inhibited  the  oxida¬ 
tion  of  this  substrate  in  the  methylene  blue-rat  heart  homogenate  system. 
In  order  to  explain  these  three  findings,  it  is  assumed  that  thyroxine 
forms  a  reversible  oxidation-reduction  system  with  its  position  between 
that  of  the  ascorbate  and  cytochrome  c  system. 


7.  The  Stimulation  of  Smooth  Muscle  by  Adenosine  Triphosphate. 

D.  T.  Watts;  University  of  Virginia  Medical  School . 

These  experiments  have  shown  that  adenosine  triphosphate  in  con¬ 
centration  of  5  to  50  micrograms  per  milliliter  will  initiate  a  contraction 
in  a  rat  uterus  preparation  which  has  been  brought  to  quiescence  by 
suspending  it  in  low  calcium  Ringer’s  at  30°C.  The  response  of  different 
uteri  shows  a  wide  variation  but  in  a  single  preparation  under  optimum 
conditions  the  contractions  appear  to  be  proportional  to  the  log  of  the 
concentration  of  adenosine  triphosphate.  Adenosine  monophosphate  and 
phosphocreatine  do  not  stimulate  the  preparation.  Adenosine  triphos- 
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phate  stimulates  the  atropinized  preparation  which  is  no  longer  sen¬ 
sitive  to  acetylcholine. 

8.  The  Mechanism  of  the  Uptake  of  Radioactive  Phosphate  by  Human, 
Rabbit,  and  Chicken  Erythrocytes. 

D.  R.  H.  Gourley;  University  of  Virginia  Medical  School. 

Both  human  and  rabbit  erythrocytes  take  up  labeled  inorganic 
phosphate  ions  at  a  comparatively  rapid  rate  while  the  nucleated 
erythrocytes  of  the  chicken  take  up  phosphate  ions  very  slowly.  For 
example,  after  incubation  with  P32  in  vitro  at  37°C  for  2  hours  the 
erythrocytes  in  typical  samples  of  rabbit  blood  contain  50%  of  the  added 
PS2,  in  human  blood  with  a  higher  hematocrit  the  erythrocytes  contain 
60%,  but  in  chicken  blood  even  when  the  hematocrit  is  adjusted  to 
about  that  of  human  blood  the  erythrocytes  contain  only  15%  of  the 
added  P32.  The  uptake  of  phosphate*  ions  by  human  and  rabbit  erythro¬ 
cytes  is  not  affected  by  the  absence  of  oxygen  but  the  removal  of  oxygen 
from  the  environment  of  chicken  blood  inhibits  the  transfer  of  phosphate 
ions  into  these  erythrocytes.  In  spite  of  this  apparent  difference,  the 
experimental  data  are  consistent  with  the  hypothesis  that  phosphate 
enters  the  erythrocytes  of  each  species  investigated  by  the  formation  of 
ATP  at  the  cell  membrane. 


9.  The  Mercuric  Chloride  Inhibition  of  Urease  and  Its  Reversibility 
at  Varied  Urea  Concentrations. 

Henry  E.  Evert  (introduced  by  C.  U.  Gemmill)  ;  University  of 
Virginia  Medical  School. 

The  variation  of  SH  groups  during  urease  activity  has  been  further 
investigated  by  the  inhibition-reactivation  method  and  results  in  agree¬ 
ment  with  those  previously  reported  (Fed.  Proc.,  10:  1950,  246)  have 
been  obtained.  In  the  present  study,  the  mercuric  chloride  inhibition  of 
urease  was  investigated  with  urea  concentrations  varied  from  0.83-2.5  x 
10~6  moles  per  10  ml.  in  the  reaction.  The  urea  decomposed  in  10  minutes 
was  plotted  against  the  mercuric  chloride  concentration.  With  the  use 
of  these  curves,  the  concentration  of  mercuric  chloride  required  for  50% 
inhibition  was  plotted  as  a  function  of  ureolytic  activity.  Parabolic  or 
bell-shaped  curves  were  obtained  that  were  similar  in  shape  to  those 
obtained  by  the  colorimetric  SH  analysis.  In  addition,  the  reversibility 
of  the  inhibition  by  thiol  compounds  (BAL,  Cysteine,  GSH  and  TGA) 
was  also  determined.  The  data  obtained  from  the  reactivation  experi¬ 
ments  substantiated  previous  results.  For  example,  a  higher  concentra¬ 
tion  of  thiol  compound  was  required  for  reactivation  at  2.1  x  10'6  moles 
urea  per  10  ml.  than  at  2.3  x  10-6  moles  urea  per  10  ml.  Observations 
were  interpreted  to  mean  that  the  mercuric  chloride  inhibition  is  de¬ 
pendent  upon  the  free  SH  variation  and  upon  the  urea  concentration 
in  the  reaction.  The  SH  variation  and  the  urea  concentration  appear  to 
be  related  to  the  formation  of  a  urea-urease  complex  as  was  suggested 
by  the  results  obtained  by  the  colorimetric  SH  method. 
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10.  The  Influence  of  Histamine  on  the  Oxygen  Consumption  of  the 
Gastric  Mucosa. 

Leslie  E.  Edwards  and  Joyce  P.  Wills  Medical  College  of 
Virginia. 

It  has  been  shown  by  other  investigators  that  active  secretion  in¬ 
creases  the  oxygen  requirement  of  gastric  secretory  tissue.  This  investi¬ 
gation  has  been  designed  to  make  use  of  this  information  for  future  use 
in  assaying  stomach  mucosa  extracts.  Therefore,  the  standardization 
of  the  procedure  was  studied.  A  layer  of  mucosa  was  stripped  off  the 
stomach.  The  tissue  was  placed  in  nutritive  solution  and  the  oxygen 
consumption  was  measured  by  the  Warburg  technique.  The  drugs  used 
for  standardization  were  the  following:  histamine,  histamine  and  thia¬ 
mine,  and  carbamylcholine.  In  spite  of  the  fact  that  the  normal  frog 
can  have  a  spontaneous  in  vitro  acid  secretion,  the  oxygen  requirement 
remained  constant  for  a  four  hour  period.  When  histamine  was  introduc¬ 
ed  through  the  side  arm,  after  a  one  hour  control  period,  the  oxygen 
consumption  increased  to  a  maximum  of  46%  above  the  normal,  during 
the  following  four  hours.  Thiamine  was  used  as  an  inhibitor  to  diamine 
oxydase.  Thiamine  and  histamine  increased  the  oxygen  requirement 
above  normal.  Thiamine  alone  had  Little  or  no  effect  on  the  oxygen  up¬ 
take.  Carbamylcholine  had  very  little  effect  on  the  oxygen  uptake  of 
the  tissue. 


11.  Meningocele,  Umbilical  Hernia,  Exstrophy  of  the  Bladder,  and 

Epispadias  in  a  Newborn  Infant. 

James  E.  Kindred  and  James  Odum;  University  of  Virginia. 

The  present  paper  is  a  preliminary  report  of  abnormal  conditions 
which  occurred  in  a  one  month  premature  infant  which  lived  two  days. 
There  was  extreme  modification  of  the  body  caudal  to  the  umbilicus. 
Ventrally  there  is  a  large  umbilical  hernia,  caudal  to  which  is  an 
evulsed  projection  of  the  rectum  in  the  median  line  surrounded  laterally 
and  caudally  by  the  open  mucosa  of  the  bladder  upon  which  the  ureters 
open.  The  exstrophied  bladder  and  urethra  are  met  by  a  ridge  of  skin 
between  the  legs.  The  phallus  is  represented  by  two  laterally  lying, 
separate  masses  uncovered  by  skin  (Extreme  epispadias).  The  skin 
below  thorn  continues  as  the  scrotum,  with  a  definite  raphe.  Undescended 
testes  lie  at  the  edge  of  the  bladder.  An  imperforate  anus  lies  just 
caudal  to  the  raphe.  A  large  cutaneous  meningocele  extends  dorsally 
from  the  anus  and  covers  the  sacro-lumbar  region.  The  meningocele 
contained  about  1000  cc.  straw-colored  fluid.  Spina  bifida  and  deficiency 
of  the  pelvic  girdle  and  muscles  are  present.  The  open  neural  groove 
lies  on  the  floor  of  the  meningocele.  The  case  is  presented  with  refer¬ 
ence  to  current  theories  of  etiology  of  exstrophy  of  the  bladder  and 
epispadias. 
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12.  Histological  Studies  of  the  Reduction  of  Tetrazolium  Derivatives 
(TD)  by  Normal  and  Diseased  Human  Tissues. 

Y.  T.  Hsu  and  Cornelia  Hoch-Ligeti;  University  of  Virginia 
School  of  Medicine. 

The  enzymatic  reduction  of  the  colorless,  water-soluble  triphe- 
nyltetrazolium  chloride  (TTC)  to  a  red,  water-insoluble  formazan  has 
been  described  to  differ  in  malignant  and  normal  tissues.  Authors  found, 
in  turn,  absent,  decreased,  or  significantly  increased  activity  in  malignant 
tumors.  These  differences  were  considered  useful  for  diagnostic  pur¬ 
poses.  To  evaluate  this  possibility  for  human  tissues  the  reduction  of  TTC 
and  neotetrazolium  in  over  a  hundred  operative  specimens  was  investi¬ 
gated.  TTC  and  neotetrazolium  reacted  always  similarly.  Normal  con¬ 
nective  tissue  did  not  reduce  TD.  Reduced  TD  is  soluble  in  fat  droplets. 
Epithelial  cells  contained  reductases,  glandular  epithelium  being  more 
active  than  squamous  epithelium.  Kidney  and  liver  showed  strong 
activity.  In  benign  tumors,  and  in  chronic  inflammation,  the  participa¬ 
ting  tissues  behaved  like  homologous  normal  tissue,  i.e connective 
tissue  was  inactive,  epithelium  active.  Epitheloid  cells  in  tubercles  re¬ 
duced  TD.  Epithelial  cells  in  all  carcinomas  showed  reductive  activity, 
sometimes  weaker  sometimes  stronger  than  the  surrounding  normal 
epithelium  or  epithelium  of  benign  tumors.  Sarcomas  and  the  stroma  of 
carcinomas  repeatedly  but  not  always  reduced  TD  and  in  that  they 
differed  from  all  adult  connective  tissues.  From  these  results  it  seems 
unlikely  that  the  reduction  of  TD  in  operative  material  could  be  used 
for  diagnoses  of  malignancy. 


13.  A  Histochemical  Study  of  the  Parotid  Gland  of  the  Toad. 
Douglas  E.  Bragdon;  University  of  Virginia. 

— Paper  was  not  read. — 


14.  Neurogenic  Erythrocytosis. 

G.  R.  Hennigar,  E.  C.  Hoff,  and  J.  F.  Kell,  Jr.;  Medical  College 
of  Virginia. 

Neurogenic  erythrocytosis  has  been  discussed  in  the  literature 
under  the  heading  of  Neurogenic  Polycythemia.  The  term  polycythemia 
should  be  reserved  for  a  neoplasm  of  the  erythropoietic  tissues  of  the 
body.  It  was  characterized  clinically  many  years  ago  by  Vacquez  and 
Osier,  under  the  title  of  Polycythemia  Rubra  Vera.  During  a  clinico- 
pathological  study  of  fifty  cases  of  hemangioma  (hemagioblastoma) 
of  the  cerebellum  by  Silver  and  Hennigar  at  the  Johns  Hopkins  School 
of  Medicine  elevation  of  the  red  cell  count  was  found  in  the  peripheral 
blood  in  15%  of  cases.  Previously,  Carpenter  and  Walker  had  reported 
two  cases  of  erythrocytosis  in  hemangioma  of  the  cerebellum.  The 
pathogenesis  of  the  erythrocytosis  has  remained  a  mystery.  A  histologi¬ 
cal  study  of  the  cases  referred  to  above  as  well  as  an  additional  fifteen 
cases  of  hemangioma  of  the  cerebellum,  taken  from  the  files  of  the 
Medical  College  of  Virginia  failed  to  show  erythropoiesis  occurring  in 
the  tumor.  It  was  suggested  then,  that  the  term  hemangioblastoma 
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coined  by  Cushing  and  Bailey  be  dropped.  A  variety  of  lesions  within 
the  cranium  lead  to  erythrocytosis.  Subdural  hematoma  chronica,  baso- 
phile  adenoma  of  the  hypophysis,  and  lesions  of  the  diencephalon  are 
those  most  commonly  implicated.  Since  neurological  signs  such  as  diz¬ 
ziness,  headache,  dimness  of  vision,  are  frequent  in  polycythemia  rubra 
vera,  it  becomes  obvious  that  intra-cranial  lesions,  especially  neoplasia 
accompanied  by  erythrocytosis  be  considered  in  the  diagnosis  of  any 
polycythemia  or  erythrocytosis.  Using  metrazol  and  electrical  stimula¬ 
tion  of  the  pre-motor  cortex  of  the  cat  erythrocytosis  has  been  produced 
almost  uniformly  in  all  animals.  Hematocrit,  hemoglobin  and  bone 
marrow  studies  have  been  utilized.  As  the  study  progresses  we  hope  to 
show  that  prolonged  stimulation  (electrical)  of  the  pre-motor  cortex 
will  “fire-off”  the  sympathetic  nervous  system,  lead  to  vaso-constriction 
of  the  arterioles  in  the  bone  marrow.  This  vaso-constriction  brings 
about  a  state  of  hypoxia  with  resultant  compensatory  erythrocytosis.  It 
is  hoped  that  direct  stimulation  of  the  diencephalon  will  lead  to  the 
same  results  in  cats. 

15.  Preservation  of  Speech  with  Almost  Complete  Atrophy  of  the  Major 

Hemisphere. 

Walter  Riese;  Medical  College  of  Virginia. 

While  transient  aphasia  may  follow  almost  any  lesion  of  the  cereb¬ 
ral  hemispheres,  lasting  speech  disturbances  result,  as  a  rule,  from 
lesions  involving  the  so-called  critical  area  of  language,  on  the  left 
hemisphere  in  right-handed  and  on  the  right  hemisphere  in  the  left- 
handed  people.  Regained  or  preserved  speech  is  generally  believed  to 
be  the  result  of  substitution  or  “taking  over”  of  function  by  the  spared 
parts,  more  specifically,  the  symmetrical  areas  of  the  minor  hemisphere. 
The  case  of  a  graduate  nurse  is  reported  who,  at  the  age  of  58,  suffered 
a  stroke  which  paralyzed  her  left  side  and  left  her  speechless  for  a 
while.  A  few  months  later  she  suffered  a  second  stroke.  Following  this 
second  stroke  she  passed  into  a  state  of  psychotic  agitation  which,  how¬ 
ever,  improved.  In  the  last  years  of  her  life  her  conduct  was  undisturbed. 
Though  aphasic  until  her  death,  at  the  age  of  71,  she  retained  a  con¬ 
siderable  amount  of  spoken  language  with  understanding  preserved. 
She  had  difficulties  in  word  finding  and  marked  syntactical  defects. 
There  were  recurrent  utterances  in  her  speech  which  was  voluminous 
and  always  accompanied  by  vivid  gestures.  The  patient  was  able  to 
repeat,  and  she  retained  some  reading  and  writing  abilities.  Her  entire 
right  hemisphere  was  found  to  be  atrophic.  The  cerebral  cortex  was 
completely  degenerated  with  no  nerve  cdlls  remaining.  Patient  was 
originally  left-handed,  but  taught  to  write  with  her  right  hand.  Since 
her  remaining  speech  was  not  the  result  of  training  or  re-education,  it 
was  evidently  due  to  the  intrinsic  activity  of  her  right  or  minor  hemi¬ 
sphere. 

16.  Studies  in  Protein  Metabolism  of  Tumor  Cells.  A.  S85  Methionine 

Uptake  by  HSI  Ascites  Tumor  in  Mice:  Preliminary  Report. 

G.  Z.  Williams,  J.  E.  Williams,  with  Technical  Assistance  from 
M.  L.  Haigler;  Medical  College  of  Virginia. 

S35  methionine  is  readily  utilized  as  a  radioactive  tracer  for  investi¬ 
gation  of  protein  synthesis  by  living  normal  and  cancer  cells.  The  HSI 
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ascites  tumor  in  mice  approaches  an  ideal  agent  for  such  studies.  Eighty- 
five  to  95%  of  the  cells  are  cancerous,  no  necrotic  debris  or  stromal 
tissue  is  present  to  dilute  the  tumor  and  the  cell  population  in  uniform 
and  free  in  fluid.  Results  may  be  computed  per  cell.  S35  methionine  in¬ 
corporated  in  a  balanced  amino  acid  mixture  was  administered  to  mice 
by  parenteral  injection  for  10  days  before,  and  in  a  second  experiment, 
for  4  days  after  intraperitoneal  transfer  of  HSI  tumor  cells.  Cells  were 
removed  at  5  days,  counted,  washed,  and  radioactivity  determined.  In  a 
third  experiment,  the  tumor  cells  and  amino  acid  mixture  were  in¬ 
cubated  60  minutes  in  vitro,  washed  and  radioactivity  determined.  Con¬ 
trols  were  run  with  formalin  killed  cells  to  determine  absorption  factor. 
The  results  indicated  that:  (a)  Living  HSI  mouse  cancer  cells  actively 
take  up  S3r>  methionine  in  vivo  and  in  vitro  apparently  incorporating  it 
in  the  cell  proteins,  (b)  HSI  cancer  cells  growing  intraperitoneally  de¬ 
rive  S35  methionine  from  the  host  mouse  which  previously  had  incorp¬ 
orated  the  radioactive  amino  acid  in  its  normal  tissues.  Studies  are  in 
progress  to  determine  the  cellular  location  and  nature  of  the  radioactive 
components  produced  by  S35  methionine  uptake. 

17.  Alterations  in  Decompression  Tolerance  Produced  in  Rats  by  Ethyl 
Alcohol  and  in  Mice  by  Sodium  5,5  Di-Phenyl  Hydantoinate 
(Dilantin  Sodium). 

E.  H.  Sharp,  L.  E.  Rennie,  and  E.  C.  Hoff;  Medical  College  of 
V irginia. 

The  survival  time  of  young  adult  albino  rats  in  a  decompression 
chamber  without  supplementary  oxygen  at  pressures  of  180,  170,  and  150 
mm.  Hg  was  determined  in  a  group  of  animals  receiving  ethyl  alcohol 
by  stomach  tube  in  dosages  of  7  gms./kg.  of  body  weight  one  hour  before 
decompression.  The  tolerance  of  these  animals  was  compared  with  that 
of  control  rats  given  water  before  the  simulated  flight.  All  animals  were 
decompressed  independently  at  a  standard  rate  of  100  mm.  Hg  per 
minute.  At  180  mm.  Hg  the  average  survival  time  for  control  rats  was  2 
hours,  19  minutes  and  for  alcohol  rats  was  44  minutes,  32  seconds.  At 
170  mm.  Hg  the  control  rats  showed  an  average  survival  time  of  1  hour, 
13  minutes,  while  the  alcohol  rats  lived  an  average  of  25  minutes,  47 
seconds.  At  150  mm.  Hg  the  average  control  survival  time  was  24  minutes 
as  contrasted  with  an  average  survival  time  of  8  minutes,  35  seconds 
for  the  alcohol  rats.  In  white  mice  given  sodium  5,  5  di-phenyl  hydan¬ 
toinate  (Dilantin  Sodium)  intraperitoneally  as  a  1%  physiological  saline 
solution  in  2  mgm.  doses  per  animal,  there  was  an  increased  survival 
time  in  all  animals  at  180,  170,  and  150  mm.  Hg  as  compared  with 
controls  given  saline  injections. 

18.  Linkage  Studies  of  Sickling  and  M,  N,  and  S.  Blood  Groups. 

Marion  Waller,  R.  D.  Hughes,  and  R.  K.  Waller;  Medical  College 
of  Virginia. 

Analysis  of  data  supplied  by  55  Negro  families  comprising  325 
kindred,  failed  to  reveal  linkage  between  the  MNS  blood  group  genes 
and  the  gene  for  sickling.  These  findings  are  not  in  accord  with  those 
of  Snyder  and  coworkers.  Thus  an  example  of  autosomal  linkage,  for 
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which  Snyder  et  al.  presented  evidence,  is  now  in  doubt  and  warrants 
further  investigation.  Data  ascertainable  for  linkage  calculations  be¬ 
tween  the  blood  group  S  and  sickling,  and  MN  and  S  were  very  small. 
Linkage  between  S  and  sickling  could  not  be  found.  The  blood  groups 
MN  and  S  afforded  evidence  for  linkage  thus  fitting  into  the  very 
considerable  evidence  on  this  point  for  Caucasians. 

19.  Some  Observations  On  Squid  Axons  Structures;  Use  of  an  Intra¬ 
cellular  Light  Source. 

S.  Solomon;  Medical  College  of  Virginia. 

To  investigate  axonal  ultrastructure,  a  method  is  being  developed 
to  study  light  scattering  properties  of  structural  elements  as  a  function 
of  activity.  A  quartz  rod  is  drawn  into  a  microneedle  and  after  impaling 
the  axone  (mounted  on  a  microscope  stage)  along  its  long  axis,  serves 
as  an  intracellular  light  conduit  and  mechanical  prod.  Light  emerging 
from  the  needle  tip  has  been  observed  visually,  or  has  been  monitored 
by  a  photomultiplier  tube  leading  to  a  microammeter.  As  might  be  ex¬ 
pected  of  any  colloidal  system,  emergent  light  is  scattered  in  typical 
Tyndall  fashion,  with  no  resolvable  granules  visible  at  the  magnification 
used.  When,  however,  the  needle  tip  is  vigorously  moved  about  in  the 
axoplasm,  there  results  a  local  increase  in  fluidity  and  resolvable 
granules  appear,  and  this  change  is  reversible  but  only  during  the  early 
phases  of  an  experiment.  If  the  prod  is  gradually  advanced,  a  series  of 
alternate  light  and  dark  curved  bands  (concave  toward  the  needle  tip) 
forms  in  the  axoplasm  ahead  of  the  microneedle  tip.  These  bands  are 
seen  to  be  cross-sections  through  cup-shaped  regions  of  different  light 
scattering  properties.  Band  size,  curvature,  and  spacing  have  been 
measured  but  otherwise  the  geometry  of  the  system  has  not  been  con¬ 
trolled.  With  the  aid  of  a  photomultiplier  tube  for  measuring  light 
intensities,  changes  in  emergent  light  resulting  from  stimulation  have 
been  sought.  In  13  nerves,  85  periods  of  stimulation  (175/sec.,  80-150  secs, 
duration)  caused  a  decrease  in  emergent  light  in  61,  no  change  in  23, 
and  a  small  increase  in  1.  Precise  time  characteristics  are  not  yet  de¬ 
terminable.  The  average  maximum  decrease  in  emergent  light  is  about 
3.3%,  occurring  after  about  100  sec.  of  stimulation.  Supramaximal 
stimulation  in  nerves  which  have  failed  to  conduct  produces  no  change, 
nor  does  sub-threshold  stimulation  in  conducting  nerves. 

20.  Relationship  of  Na+  Uptake  and  K+  Rejection  to  Membrane  Poten¬ 
tial  in  Isolated  Surviving  Frog  Skin. 

Ernst  G.  Huf  and  Joyce  Wills;  Medical  College  of  Virginia . 

A  negative  correlation  was  found  between  net  active  uptake  of 
NaCl  by  the  epithelium  and  P.D.  /xE.g.,  skins  that  had  P.D’s  of  30  and 
100  mV  respectively  actively  absorbed  NaCl  at  an  average  rate  of  about 
0.8  and  0.2  /iEq  x  cm-2  x  hr-1.  A  positive  correlation,  however,  was  found 
between  K+  accumulation  at  the  epithelial  side  and  P.D.  A  skin  of  30 
mV,  e.g.,  accumulated  about  1  x  10~2  fi Eqk  x  cm-2  x  hr-1,  whereas  a  skin 
of  100  mV  accumulated  about  14  x  10~2  ^Eqk  x  cm-2  x  hr-1.  A  large 
number  of  experiments  suggests  linear  relationships  between  P.D.  and 
NaCl  uptake  and  also  between  P.D.  and  K+  rejection.  Skins  of  winter 
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frogs  which  were  pretreated  with  a  commercial  purified  ACTH  prepa¬ 
ration  showed  for  any  given  P.D.  a  small  net  NaCl  uptake  as  compared 
to  controls,  which  were  pretreated  with  inactive  protein  (egg  albumin). 
The  effect  was  greater  in  low  voltage  skins  as  compared  to  high  voltage 
skins.  K+  rejection  in  experimental  skins  was  the  same  as  in  control 
skins.  Pretreatment  of  frogs  with  DOC,  DOCA,  Cpd’s  E  and  F  had  no 
noticeable  effect  on  the  correlations  that  exist  among  P.D.,  NaCl  uptake, 
and  K+  rejection. 


21.  Experiments  on  the  In  Vitro  Synthesis  of  Hemoglobin  by  Erythro¬ 
cytes. 

Lynn  D.  Abbott,  Jr.  and  Mary  Dodson;  Medical  College  of 
Virginia. 

Avian  erythrocytes  have  been  shown  to’  incorporate  N15  from  label¬ 
led  glycine  into  hemin  which  can  be  isolated  from  red  cells  after  in¬ 
cubation  with  N15  glycine  (Shemin,  London,  and  Rittenberg).  In  the 
present  experiments  chicken  blood  was  used  in  this  way  as  an  in  vitro 
biological  system  to  explore  possible  factors  which  might  influence 
hemoglobin  synthesis.  Adenosinetriphosphate  (ATP)  did  not  increase 
the  incorporation  of  N15  into  heme  in  our  experiments,  in  fact,  the  N10 
concentration  of  hemin  in  every  instance  was  less  than  that  of  blood 
incubated  at  the  same  time  but  without  ATP.  No  increase  was  observed 
with  tyrosine,  leucine,  uracil,  riboflavin  or  fructose.  0.07  M  NaF  inhibited 
the  synthesis.  Folinic  acid-SF  or  vitamin  B12  did  not  increase  the  in¬ 
corporation  of  N15  into  heme.  Slight  increases  were  noted  during  in¬ 
cubation  with  sodium  folate.  Human  cord  blood  was  found  to  incorporate 
N15  from  glycine  into  heme,  in  contrast  to  normal  adult  human  blood 
which  did  not.  Although  the  blood  of  a  sicklemia  patient  with  26% 
reticulocytes  incorporated  N15  into  heme,  the  blood  oLa  pernicious  anemia 
patient  with  26%  reticulocytes  (at  height  of  hematologic  response  to 
vitamin  B12)  did  not.  Consequently,  presence  of  a  high  percentage  of 
reticulocytes  does  not  appear  to  be  the  whole  answer  to  the  in  vitro 
synthesis  of  heme  by  human  blood  cells.  A  human  blood  containing  a 
high  percentage  of  normoblasts  did  not  incorporate  N15  into  heme. 

22.  Invasion  of  Tadpole  Tissues  by  Balantidium  as  Recorded  by 
Cinephotomicrography. 

Carl  C.  Speidel;  University  of  Virginia. 

Motion  picture  shown  by  Dr.  Kindred  in  absence  of  Dr.  Cpeidel. 


Business  Meeting 

The  following  officers  were  elected  at  the  annual  business  meeting: 
Chairman — Ernst  G.  Huf 
Secretary— Desmond  R.  H.  Gourley 
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Minutes  of  the  Section  of  Psychology  [10] 

A.  W.  Hurd,  Chairman 
Stanley  B.  Williams,  Secretary-Treasurer 
Frank  W.  Finger,  Executive  Committeeman 
Richard  H.  Hennaman,  Section  Editor  (1954) 

FRIDAY,  MAY  16—9:00  A.  M.— COFFEE  SHOP 

1.  The  Pluman  Operator  Factor  in  the  Operation  of  Communication 
Systems. 

Howard  Reuben;  University  of  Virginia. 

2.  Dav-to-Day  Variability  in  the  Serial  Patterning  of  Psychological 
Responses. 

Willard  F.  Day;  University  of  Virginia. 

3.  An  Experimental  Test  of  the  Concept  “Response  of  Discriminating.” 

W.  H.  Morse;  University  of  Virginia. 

4.  The  Effect  of  Previous  Experience  and  Recent  Food  Deprivation 
on  Hoarding  in  the  Rat. 

James  G.  Holland;  University  of  Virginia. 

5.  Analysis  of  the  Conditions  Determining  Interference  in  Complex 
Discriminative  Motor  Performance. 

A.  J.  Slivinske;  University  of  Virginia. 

6.  Cutaneous  Beats  from  Combined  Electrical  and  Mechanical  Vibra¬ 
tory  Stimulation. 

Jack  A.  Vernon;  University  of  Virginia. 

7.  Similarities  of  Content  of  Rorschach  Responses  of  Husbands  and 
Wives. 

Austin  E.  Grigg;  University  of  Richmond. 

An  analysis  of  the  responses  of  35  married  couples  to  the  Rorschach 
Test  reveals  certain  similarities  of  content.  Similarities  of  responses 


348 


The  Virginia  Journal  of  Science  [September 


between  mates  is  compared  with  similarities  of  responses  between  non¬ 
mates.  From  analysis  of  the  Rorschach,  conclusions  are  made  as  to 
whether  or  not  the  similar  responses  reflect  similar  personality  traits 
or  reflect  memories  from  similar  experiences.  The  content  of  the 
Rorschach  is  found  to  fall  into  three  categories:  (1)  responses  based 
on  personality  variables,  (2)  responses  based  on  memory  traces  of 
certain  experiences  not  necessairly  connected  with  personality  traits, 
as  scenes  recalled  from  travel,  books  read,  etc.,  and  (3)  responses 
which  seem  to  be  too  nebulous  for  interpretative  significance  at  the 
present  state  of  knowledge  of  projective  theory.  The  significance  of 
identical  verbalizations  is  also  explored. 


8.  Negro  and  White  Childrens’  Adjustment  as  Revealed  by  a  Compari¬ 
son  of  Their  Drawings. 

Emanuel  F.  Hammer;  Lynchburg  State  Colony,  (read  by  Hannah 
Davis.) 

The  relative  degree  of  emotional  disturbance  between  Negro  and 
white  school  children  was  investigated  by  obtaining  400  sets  of  drawings 
(of  a  House-Tree-Person)  from  these  two  groups  of  school  children  who 
ranged  from  first  to  eighth  grade.  Three  psychologists  rated  the  chil¬ 
drens’  adjustment  level,  as  revealed  by  this  projective  technique,  on  a 
six  point  scale  from  “very  well  adjusted”  to  “psychotic.”  The  Negro 
children  were  found  to  show  a  statistically  significant  greater  incidence 
of  emotional  disturbance  than  the  white  children.  This  was  taken  to 
account,  in  part,  for  the  relatively  lower  Negro  mean  IQ  which  was  also 
found.  Other  differences  between  the  two  groups  included  indications 
suggestive  of  a  higher  incidence  of  organic  cerebral  cortex  lesions, 
greater  difficulties  in  interpersonal  relationships,  greater  amounts  of 
home  stress  and  conflicts,  and  greater  feelings  of  inadequacy  about 
obtaining  gratification  from  the  environment  on  the  part  of  the  Negro 
children  when  compared  with  the  white.  Secondary  problems,  such  as 
(1)  correlation  between  clinicians’  judgments  and  (2)  interpretation  of 
projective  techniques  of  subjects  with  different  cultural  backgrounds, 
were  treated  or  discussed. 


9.  The  Effects  of  External  Therapeutic  Environment  on  Patient  Be¬ 
havior. 

William  A.  Zielonka;  McGuire  V.  A.  Hospital. 

A  comparison  is  made  of  the  effects  each  of  three  physical  environ¬ 
ments  of  psychotherapeutic  meetings  has  upon  responses  of  patients  in 
the  first  three  interviews  of  client  centered  therapy.  The  environments 
investigated  are  (1)  a  face-to-face  situation;  (2)  the  patient  on  a  couch 
and  the  therapist  out  of  the  patient’s  sight;  (3)  both  patient  and  thera¬ 
pist  seated  near  each  other  but  visually  separated  by  an  opaque  screen. 
The  data  are  restricted  to  the  typed  verbatim  transcripts,  and  the  results 
are  based  on  an  analysis  of  this  material.  The  population  consisted  of 
twelve  hospitalized  neurotic  males.  There  are  two  general  conclusions. 
First,  each  sub-group  of  patients  expressed  the  same  relationship  be- 
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havior  with  the  therapist  in  each  of  the  external  environments.  Second, 
the  patients’  expressions  of  attitudes  variod  with  changes  in  the  environ¬ 
ment. 

10.  Psychometric  Test  Performance  in  Differential  Classification  of 

Neurotic  and  Psychotic  Sub-Groups. 

Reuben  S.  Horlick;  Alexandria,  Virginia. 

This  research  concerns  itself  with  whether  psychological  tests  can 
distinguish  between  sub-groups  falling  within  a  major  psychiatric  classi¬ 
fication.  Twenty-eight  anxiety  and  10  depressive  neurotic  patients  and 
14  simple  and  18  paranoid  schizophrenic  patients  were  tested  with  the 
Wechsler-Bellevue  and  Shipley-Hartford  Scales,  the  Minnesota  Multi- 
phasic  Personality  Inventory,  and  the  Rorschach  Ink-Blot  Test.  On  the 
Wechsler-Bellevue,  the  depressive  group  performed  consistently  better 
than  the  anxiety  patients;  the  paranoid  group  was  superior  in  all  areas 
except  for  a  reversal  trend  on  the  Picture  Arrangement  test.  The  MMPI 
scale  differences  are  not  significant  for  the  neurotics;  except  for  a  signi¬ 
ficant  difference  at  the  five-percent  level  on  the  Masculinity-Femininity 
Scale,  differences  are  not  reliable  for  the  schizophrenics.  The  Rorschach 
fails  to  differentiate  either  group.  No  one  test  or  sub-test  or  scale  reliably 
differentiates  one  sub-group  from  the  other.  While  no  one  test  proves 
to  be  infallible  in  its  diagnostic  ability,  each  test  contributes  valuable 
information  for  diagnosis  and  evaluation. 


11.  The  Fourth  Category  of  Personality  Needs. 

John  A.  Blake;  Central  State  Hospital. 

On  the  basis  of  ample  clinical  and  general  observational  evidence, 
it  is  proposed  that  a  fourth  category  of  personality  needs — in  reality  a 
single  new  need — be  added  to  the  existing  categories,  i.e.,  the  biological, 
social,  and  psychological.  This  newly  proposed  personality  need  may 
properly  be  designated  the  spiritual  need  which,  however,  must  be  con¬ 
sidered  in  the  widest  sense  as  referring  to  man’s  “faith”  in  some  variety 
of  superhuman  “power”,  either  personalized  or  non-personalized,  de¬ 
pending  upon  the  particular  culture  and  religion  within  whose  spheres 
of  influence  he  happened  to  be  born  and  reared.  Since  Psychiatry,  in  its 
branch  of  Pastoral  Psychiatry,  does  recognize  and  treat  the  spiritual 
maladies  of  the  human  personality,  it  is  therefore  strongly  urged  that 
Clinical  Psychology  also  begin  to  take  cognizance  of,  and  deal  ade¬ 
quately  with,  this  highly  important  area  of  man’s  psyehobiologically 
integrated  personality. 


12.  A  Follow-up  Study  of  Guessing  Behavior. 

Burton  R.  Wolin;  College  of  William  and  Mary. 

13.  Some  Comments  on  Theory  Construction  in  Physiological  Psychology. 

John  K.  Bare;  College  of  William  and  Mary. 
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14.  Major  Steps  in  Food-Product  Acceptance  Research. 

James  A.  Bayton;  Howard  University  and  the  Bureau  of  Agri¬ 
cultural  Economics,  U .  S.  D.  A. 

The  three  major  steps  in  food-product  acceptance  research  are: 

(1)  discrimination  experiments  to  insure  that  in  subsequent  steps  con¬ 
sumers  are  judging  items  they  can  readily  detect  as  being  different, 

(2)  preference  tests  conducted  on  the  items  that  are  mutually  distin¬ 
guishable,  (3)  market  tests  to  determine  degree  of  market  success  of 
a  new  product.  Comprehensive  research  programs  of  this  type  carry  the 
psychologist  into  psychophysics,  experimental  design  and  opinion  sur¬ 
veys.  Cooperation  with  producers,  economists,  marketing  specialists, 
food  chemists,  etc.,  is  necessary.  Projects  illustrating  methodology  at 
each  step  are  described.  The  products  involved  are  canned  orange  juice, 
frozen  concentrated  lemonade  and  frozen  concentrated  apple  juice. 


15.  Four  Negativistic  Phases  in  Man’s  Life. 

V.  J.  Bieliauskas;  Richmond  Professional  Institute. 

Negativism  is  understood  by  some  authors  as  a  normal  feature  of 
child’s  social  development.  Other  authors  have  attempted  to  understand 
the  negativism  not  as  a  part  of  child’s  development,  but  as  integral  part 
of  the  total  development  of  man  (Masselson,  S.  Hall,  C.  H.  Stratz).  K. 
Schmeing  began  to  see  negativism  as  a  repetitive  fact  in  man’s  life,  so 
that  he  speaks  not  about  one,  but  about  three  negativisms.  Bieliauskas 
has  introduced  a  tentative  description  even  of  the  fourth  negativistic 
phase,  so  that  at  the  present  we  would  expect  negativistic  reactions  at 
the  following  ages:  I.  3-4;  II.  11-13;  III.  21-23;  IV.  35-45.  Apparently 
the  positive  meaning  of  these  phases,  can  be  found  in  the  fact  that  they 
represent  how  an  individual  tries  to  reach  his  independence,  to  improve 
his  ego-structure,  to  strengthen  his  self -feeling,  and  to  mature.  However, 
in  addition  to  this,  these  phases  show  some  significant  physical  and 
psychic  changes  following  them.  A  survey  of  phenomena  following  con¬ 
sistently  the  negativistic  phases  show  that:  (1)  The  negativistic 
“phases”  serve  as  introductory  steps  to  certain  physical  and  psychic 
periods  of  individuals  development  and  that  they  are  rather  parts  of 
phases  than  phases  themselves;  (2)  All  those  phases  introduced  by  the 
negativism  show  obvious  analogy  of  characteristics;  (3)  These  charac¬ 
teristics  are  typical  for  adolescence.  Therefore  the  question  is  legitimate 
as  to  whether  or  not  we  have  the  right  to  speak  about  adolescence  as 
a  definite  single  phase.  Possibly  the  presumption  concerning  “multiple 
adolescence”  advanced  by  Schmeing  and  this  author  merits  further 
consideration. 


Business  Meeting 

FRIDAY,  MAY  16,  1952— COFFEE  SHOP,  2:00  P.  M. 

The  business  meeting  was  opened  by  the  Chairman,  A.  W.  Hurd,  at 
2:00  P.  M.,  with  approximately  35  members  present. 
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The  Nominating  Committee  of  John  K.  Bare,  Frank  A.  Geldard, 
and  Minor  Wine  Thomas,  Chairman,  made  a  two-fold  report:  (a)  the 
committee  nominated  the  following  for  officers  for  the  coming  year: 

President- — Stanley  B.  Williams 
Secretary-Treasurer — L.  Starling  Reid 
Executive  Committeeman— William  Hinton 
(b)  the  committee  also  recommended  that  nominations  be  made  from  the 
floor.  No  nominations  were  from  the  floor  and  the  above  officers  were 
elected  without  dissenting  vote. 

After  a  recommendation  from  the  floor  that  our  representative  to 
the  Conference  of  State  Psychological  Associations  be  continued  in  office 
over  several  years,  it  was  voted  without  dissent  that  henceforth  the 
representative  be  appointed  by  the  executive  committee  rather  than 
elected  by  the  membership. 

After  much  discussion  regarding  the  status  of  the  Psychology 
Section  as  a  part  of  the  Academy  and  its  additional  function  as  a  State 
psychological  association,  it  was  voted  without  dissent  to  direct  the  Exe¬ 
cutive  Committee  to  investigate  the  feasibility  of  establishing  a  Virginia 
Psychological  Association  and  to  report  its  findings  to  the  membership 
at  or  before  the  next  annual  meeting. 

The  Secretary  reported  a  membership  of  79  plus  8  student  affiliates. 
He  also  estimated  secretarial  expenses  at  $20  to  $25  per  year  unreimburs¬ 
ed. 

The  Treasurer  reported  receipts  of  $257.50  and  disbursements  of 
$254.00,  leaving  $3.50,  which  balance  represents  one  dues  payment  in 
advance.  Of  the  disbursements,  $216.00  went  to  the  Academy  treasury 
and  $38.00  to  the  Conference  of  State  Psychological  Associations. 

Dr.  Hinton  moved  that  whereas  John  Buck  had  long  served  the 
Section  and  the  Academy  and  the  best  interests  of  psychology  in  Vir¬ 
ginia,  especially  during  his  years  as  Secretary-Treasurer  and  President 
of  the  Section,  and  that  whereas  John  Buck  had  recently  retired  from 
active  work  because  of  ill  health,  that  the  members  of  the  Psychology 
Section  now  acknowledge  their  gratitude  to  Mr.  Buck  for  his  faithful 
service  and  their  deepest  appreciation  for  his  many  constructive  efforts 
in  behalf  of  our  profession,  and  further,  that  a  copy  of  this  statement  be 
sent  to  Mr.  Buck.  After  being  seconded,  the  motion  was  carried  unani¬ 
mously  and  enthusiastically. 

Business  meeting  adjourned  at  2.50  p.  m. 
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Minutes  of  the  Section  of  Science  Teachers  [11] 

Susie  V.  Floyd,  Chairman 
Thomas  H.  Christie,  Chairman-Elect 
Martha  W.  Duke,  Secretary 
L.  W.  Jarman,  Section  Editor  (1954) 

FRIDAY,  MAY  16,  1952—9:00  A.  M.,  HOTEL  CHAMBERLIN 

The  meeting  was  called  to  order,  by  the  chairman  in  Parlor  D. 
An  invitation  was  extended  to  all  members  to  visit  a  floating  laboratory 
ship,  The  Maury,  which  was  anchored  at  a  near-by  pier.  Satisfaction  was 
expressed  over  the  half-day  meeting  so  that  members  could  attend  the 
afternoon  lectures  in  their  own  field  of  work.  More  than  forty  members 
attended  the  meeting.  The  following  papers  were  presented : 


1.  Caverns  as  Teaching  Material  in  General  Science  in  Secondary 
Schools. 

Mrs.  Thelma  C.  Heatwole;  Wilson  Memorial  High  School , 
Fishersville. 

A.  Introduction  of  Caverns  to  Students 

a)  By  use  of  folk-lore  of  specific  region — the  history  of  John  Lewis, 
the  founder  of  Staunton,  whose  daughter  was  kidnapped  by  the 
Indians  and  held,  captive  in  a  cave. 

B.  Study  Procedure: 

a)  Use  of  films  and  library  material 

b)  Study  of  Theory  of  Cavern  Formation 

c)  Study  of  Chemistry  of  Formations. 

C.  Field  Trip  Procedures: 

a)  Safety  precautions  discussed 

b)  Screening  of  students  for  claustrophobes 

c)  Plans  made  for  field  trip  on  which  each  student  had  such  assigned 
jobs  as  measuring  elevations  and  ceiling  heights,  making  direc¬ 
tion  readings  from  a  compass,  taking  pictures  of  formations, 
mapping  the  water  courses,  recording  humidity,  temperature,  and 
barometric  pressure,  collecting  specimens  for  determination  of 
drip  rate,  or  for  microscopic  study,  sketching  in  evidence  of 
feeder  passages,  cross  passages,  nest  holes,  ripple  furrows,  and 
breakthroughs  to  lower  levels. 

d)  Pooling  of  information  in  laboratory,  and  testing  specimens 

e)  Mathematical  calculation  to  determine  age  of  cave. 

D.  Further  cave  exploration  with  students  who  exhibited  a  real  interest. 

Exploration  done  in  un-developed  caves. 

E.  Introduction  of  Virginia  Womble,  a  student  who  had  done  an  essay 

on  Cavern  Formation  for  the  National  Science  Talent  Search,  and 

whose  exhibit  on  Caverns  was  on  display  at  the  meeting. 
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2.  Caverns  as  Teaching  Material  in  College. 

Marcellus  H.  Stow;  Washington  and  Le&  University . 

The  student  beginning  a  college  course  in  geology  usually  has  some 
previous  knowledge  of  biology,  chemistry,  and  physics,  but  probably  has 
never  heard  of  geology.  Hence,  a  special  effort  must  be  made  to  acquaint 
him  with  the  significance  of  this  new  subject,  not  only  as  a  basic  science, 
but  also  as  a  part  of  the  everyday  life  of  man. 

Field  study  and  illustration  of  geological  principles  is  of  paramount 
pedagogical  importance,  and  in  fact,  field  trips  are  the  most  popular 
aspects  of  a  course  in  elementary  geology.  Of  the  many  types  of  trips, 
the  one  to  a  cave  is  the  most  favored.  A  small  non-commercial  cave 
about  one  half  mile  from  the  campus  has  served  for  many  years  as  an 
ideal  site  for  demonstration  of  the  geological  work  of  underground 
water.  Here  the  processes  and  results  of  erosion,  transportation,  and  de¬ 
position  by  underground  water  may  be  studied  under  circumstances 
that  are  novel  and  intriguing  to  the  student. 

Annually  four  groups  of  between  thirty  and  forty  freshmen  are 
taken  through  a  few  narrow  passages  leading  to  the  first  large  room. 
Here  the  group  is  assembled  and  a  lecture  is  conducted  based  on  clearly 
observable  activity  of  underground  water.  Various  precautions  to  be 
taken  when  exploring  caves  are  discussed  and  a  summary  of  these  is 
distributed.  The  group  is  then  escorted  to  the  surface,  the  roll  is  taken, 
and  the  class  dismissed. 

The  paper  presented  herewith  was  illustrated  by  Kodachrome  slides 
showing  typical  features  of  the  cave  discussed  during  the  lecture  below 
ground. 


3.  Virginia  Fisheries  Laboratory  Aids  in  Developing  the  Teaching 

of  Biology. 

Robert  S.  Bailey;  Virginia  Fisheries  Laboratory,  Gloucester 
Point . 

An  important  function  of  science  teachers  is  to  arouse  the  capacity 
for  scientific  investigation  lying  dormant  in  many  students.  This  can 
best  be  done  by  arousing  the  curiosity  of  the  student  through  the  con¬ 
tagious  enthusiasm  of  the  teacher.  Curiosity  is  best  aroused  by  introduc¬ 
ing  pupils  to  local  fauna. 

Teachers  need  knowledge  of  these  local  organisms.  They  also  need 
materials  to  supplement  standard  texts.  The  V.  F.  L.  can  assist  teachers 
in  these  ways: 

1.  Summer  school  courses  with  credit. 

2.  Supplementary  materials 

(a)  Exhibits 

(b)  Printed  and  mimeographed  matter. 

3.  Trips  to  the  laboratory  with  lectures,  field  trips  and  movies. 

4.  The  Public  Exhibit  Room. 

Teachers  should  request  the  services  of  the  Laboratory. 
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4.  Science  Offerings  and  Teaching  Combinations  of  Science  Teachers 
in  the  High  Schools  in  Virginia. 

Percy  Holmes  Warren;  Madison  College. 

This  study  presents  data  concerning  the  science  offerings  and  the 
science  teaching  combinations  found  in  the  high  schools  of  Virginia  in 
the  years  1946-47,  1949-50,  and  1951-52. 

The  data  suggest  unmistakably  that  science  teachers  in  Virginia 
should  have  a  broad  preparation  in  science.  More  than  95  per  cent  of 
the  high  schools  offer  general  science  and  more  than  fifty  per  cent  of 
the  teachers  who  teach  one  or  more  classes  in  science  teach  this  subject. 
To  teach  general  science  effectively  one  should  have  competence  in 
astronomy,  biology,  chemistry,  geography,  geology,  meteorology,  and 
physics.  Science  teachers  should  also  be  prepared  to  teach  courses  in 
biology,  chemistry,  geography,  and  physics. 

The  data  further  revealed  that  less  than  20  per  cent  of  the  high 
schools  in  Virginia  offer  instruction  in  physics.  This  seems  to  be  a 
serious  shortcoming  in  light  of  the  importance  of  physics  in  contemporary 
living.  Moreover,  it  seems  that  more  high  school  pupils  with  special 
aptitude  in  science  should  be  given  an  opportunity  to  study  physics 
with  a  view  to  exploring  the  vocational  possibilities  in  this  field. 
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Minutes  of  the  Section  of  Statistics  [12] 

J.  W.  Youden,  Chairman 
Lionel  Weiss,  Vice-Chairman 
M.  E.  Terry,  Secretary 
W.  A.  Hendricks,  Section  Editor  (1954) 


FRIDAY,  MAY  16—9:00  A.  M.— PARLOR  C 

1.  The  Treatment  of  Apparently  Anomalous  Observations. 

Churchill  Eisenhart;  National  Bureau  of  Standards. 

A  definition  of  a  direct-measurement  process  is  given,  and  the 
concepts  of  limiting  mean,  precision,  true  value,  accuracy,  systematic, 
and  random  errors  reviewed.  A  philosophy  of  measurement  processing 
is  evolved.  Considerations  bearing  directly  on  the  problem  of  “re¬ 
jection  of  observations”  are  emphasized,  and  by  way  of  illustration  a 
number  of  different  “rejection”  procedures  are  discussed  in  some  detail. 

2.  Statistics  in  Motion  and  Time  Research,  I. 

Fujio  Umibe;  Virginia  Polytechnic  Institute. 

Research  by  the  Industrial  Engineering  Department  at  Virginia 
Polytechnic  Institute  was  undertaken  in  1950  into  the  problems  of  the 
validity  of  certain  parts  of  the  standard  time  system  known  as  Methods- 
Time  Measurement.  These  parts  of  the  system  included  the  case  in 
which  the  hand  motions  are  aided  by  gross  body  motions,  as  when  the 
hand  is  moved  to  the  floor,  aided  by  a  bend  of  the  body.  The  study  was 
conducted  by  the  use  of  micro-motion  analysis,  a  technique  which  utilizes 
motion-picture  films  of  various  operations,  projected  in  special  frame- 
by-frame  projectors.  Due  to  the  high  initial  cost  of  taking  pictures,  it 
was  desired  to  gain  as  much  information  from  each  film  as  possible.  An 
investigation  by  Mr.  Alfred  York  had  demonstrated  that  the  present 
manner  of  classification  of  these  motions  by  the  Methods-Time  Measure¬ 
ment  system  led  to  large  differences  between  calculated  and  observed 
times.  The  problem  then  resolved  into  one  of  finding  the  variables  which 
most  affect  the  motions,  and  the  best  classification  of  these  variables  to 
meet  the  requirements  of  theory  and  practice.  It  was  desired  to  use 
the  available  films  for  this  extension  of  the  problem. 

3.  Statistics  in  Motion  and  Time  Study  Research,  II. 

Hale  Sweeny;  Virginia  Polytechnic  Institute. 

It  was  felt  that  the  classification  which  met  the  requirements  of 
practical  use  and  yielded  minimum  error  variance  would  be  the  “best” 
practical  classification.  To  determine  the  variables  which  enter  into  the 
problem,  data  from  the  motion  picture  analysis  was  fitted  into  two  23  x 
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3x4  Factorial  Designs,  and  analyzed  in  the  standard  manner.  The 
results  showed  that  certain  variables  could  be  eliminated,  and  certain 
interactions  should  be  included  in  the  classification.  Regression  analysis 
into  the  problem  of  classification  is  at  present  under  way,  using  the  infor¬ 
mation  gained  from  the  analysis  of  the  Factorial  Designs.  The  application 
of  the  statistical  procedures  to  the  problems  of  Motion  and  Time  Study, 
with  the  many  inherent  variables,  coupled  with  the  large  variability 
between  humans,  has  aided  to  a  great  degree  the  recovery  of  information 
from  data  from  other  experiments,  and  in  the  successful  completion  of 
the  research  project  as  a  whole. 


4.  Design  of  an  Investigation  in  Philology. 

A.  M.  Myster;  Virginia  State  College . 

The  purpose  of  this  paper  is  to  present  a  progress  report  of  an 
attempt  to  design  an  experiment  in  philology.  Some  statistical  problems 
involved  are  pointed  out  and  suggestions  of  solutions  to  these  problems 
are  made. 


5.  Methods  of  Sampling  the  Botanical  Species  in  Forage  Mixtures. 

R.  E.  Blaser  (Presented  by  Richard  P.  Bartlett)  ;  Virginia 
Polytechnic  Institute. 

Research  investigations  with  forage  crops  almost  invariably  involves 
mixed  species  (grass,  legumes,  and  weeds)  in  the  sward.  Since  species 
respond  differentially  to  natural  and  imposed  environmental  factors,  it 
is  necessary  to  obtain  critical  data  on  botanical  composition  of  the  sward. 

In  this  study  four  samplers  and  three  methods  of  estimating  the 
percentage  composition  of  birdsfoot  trefoil  in  various  mixtures  were 
tried.  The  percent  birdsfoot  trefoil  was  estimated  in  (1)  the  standing 
herbage  before  it  was  cut,  (2)  the  grain  herbage  after  it  was  raked 
up,  and  (3)  the  dried  herbage  after  it  was  removed  from  the  oven.  The 
four  estimators  were  classified  as  (1)  very  experienced,  (2)  experienc¬ 
ed,  (3)  little  experience,  and  (4)  no  experience.  Two  sub-samples  of 
the  cut  herbage  were  taken  to  the  laboratory  for  making  hand  separates 
to  obtain  actual  data  on  the  percentage  of  trefoil  in  the  mixture.  This 
technique  of  making  the  actual  separates  gave  very  precise  data. 

Correlations  for  the  methods  of  making  the  estimates  for  each  of  the 
four  samplers  were  made  with  the  actual  hand  separates.  The  very 
experienced  and  experienced  samplers  were  highly  correlated  with  the 
separates,  whereas  the  inexperienced  and  slightly  experienced  samplers 
did  not  obtain  reliable  data. 


6.  Bias  and  Efficiency  of  Certain  Sampling  Methods. 

C.  Y.  Kramer  and  T.  J.  Smith;  Virginia  Polytechnic  Institute. 

In  this  study  two  methods  of  estimating  stand  yield  of  alfalfa  were 
tried.  Method  I  consisted  of  cutting  the  stand,  separating  the  foreign 
matter,  weighing  the  stand  green,  and  then  adjusting  each  plot  green 
weight  to  dry  weight  by  its  moisture  coefficient.  Method  II  consisted  of 
cutting  the  stand,  separating  the  foreign  matter,  weighing  the  stand 
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green,  and  then  adjusting  each  plot  green  weight  to  dry  weight  by  the 
average  of  twelve  moisture  coefficients  taken  at  random  from  the 
plots.  Both  these  results  were  compared  with  the  actual  dry  weight  of 
each  stand. 

First,  an  analysis  was  done  on  the  yield  of  both  methods.  The  mean 
square  error  and  coefficient  of  variation  were  smaller  for  Method  I. 
Second,  an  analysis  was  done  on  the  biases.  Method  I  had  a  negative 
mean  bias  and  a  smaller  mean  square  error  than  Method  II.  Third,  corre¬ 
lation  coefficients  were  determined  using  the  actual  dry  weight  and 
both  the  estimates.  Both  of  the  correlation  coefficients  were  highly 
significant.  Fourth,  a  simple  regression  equation  was  found  for  each 
method.  The  intercept  for  Method  I  was  considerably  smaller  than  for 
Method  II.  A  multiple  regression  analysis  was  then  done  so  we  could 
statistically  compare  the  two  methods. 

7.  Teaching  Elementary  Statistics. 

Discussants:  A.  M.  Myster,  Virginia  State  College;  L.  Weiss, 
University  of  Virginia;  T.  S.  Russell,  Virginia  Polytechnic 
Institute;  W.  J.  Youden,  National  Bureau  of  Standards; 

M.  E.  Terry,  Virginia  Polytechnic  Institute. 


8.  On  Testing  One  Composite  Hypothesis  Against  Another. 

L.  Weiss;  University  of  Virginia. 

Given  two  finite  sets  of  density  functions  for  the  vector  chance 
quantity  X:  (f,(x),  .  .  .  ,  fk(x))  and  (gi(x),  .  .  .  ,  gi  (x) ) .  H(f)  is  the 
hypothesis  that  the  true  density  function  of  X  is  in  the  first  set,  H(g) 
is  the  hypothesis  that  it  is  in  the  second  set.  Under  mild  restrictions  on 
the  loss  functions,  it  is  shown  that  the  set  of  decision  rules: 

k  1 

Accept  H(f)  if  and  only  if  2  adi  (x)  2  bjgj  (x) 

i=l  j=l 

(where  the  a’s  and  b’s  are  constants)  is  essentially  complete.  When  one 
or  both  sets  of  densities  contains  an  infinite  number  of  densities,  sets  of 
decision  rules  of  the  above  type  are,  under  certain  restrictions,  2 -com¬ 
plete. 

If  it  is  desired  to  use  only  regions  of  acceptance  for  H(f)  such  that 
if  X  is  in  the  region,  so  is  T  (X) ,  where  T  is  a  given  set  of  transformations, 
then  under  certain  conditions  the  set  of  decision  rules: 

k  —  — 

Accept  H(f)  if  and  only  2  Aifi  (x)  2  Bjgj  (x) 

(where  the  A’s  and  B’s  are  constants)  is  essentially  complete.  fi(x) 

and  gj(x)  are  derived  from  fi(x)  and  gj  (x)  respectively  by  a  straight¬ 
forward  process  which  is  too  long  to  describe  in  this  abstract. 
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9.  Sampling  of  Mice  Populations. 

R.  A.  Bradley;  Virginia  Polytechnic  Institute. 

Method  of  estimation  of  biological  populations  are  considered  both 
with  regard  to  precision  and  bias.  Such  methods  have  largely  been  de¬ 
veloped  for  the  estimation  of  size  of  fish  populations.  In  the  present 
paper  an  attempt  was  made  to  use  the  procedures  for  the  estimation  of 
population  sizes  of  pine  mice  in  small  orchard  blocks.  The  numerical 
analysis  is  shown  and  both  theoretical  and  practical  difficulties  are  dis¬ 
cussed.  One  of  the  principal  aims  of  the  discussion  is  to  point  out  the 
need  of  further  research  on  this  subject.  Data  used  were  taken  from 
experimentation  by  Frank  Horsfall,  Jr. 

10.  Multiple  Regression  with  a  Quantal  Response. 

D.  B.  Duncan  and  R.  C.  Rhodes;  Virginia  Polytechnic  Institute. 

The  problem  considered  is  that  of  fitting  a  maximum  likelihood 
multiple  regression  equation  to  data  in  which  the  response  is  quantal, 
the  probit  transformation  is  appropriate  and  the  number,  r,  of  indepen¬ 
dent  regression  variates  is  not  small. 

Iterative  methods,  for  example  the  Bliss-Fisher  method,  are  avail¬ 
able  but  these  have  been  developed  mainly  for  the  case  r==l  and 
rapidly  become  impractical  for  cases  r>2. 

A  method  is  developed  based  on  (i)  the  approximation  of  the 
weighted  deviations  of  the  working  probits  from  the  provisional  probits 
by  linear  functions  of  the  provisional  probits  and  (ii)  the  replacement  of 
the  independent  x  variates  throughout  most  of  the  procedure  by  a  linear 
function  of  them,  termed  a  composite  regression  variate.  These  devices 
lead  to  a  simple  procedure  and  result  in  an  estimated  70  to  90%  saving 
in  work. 


1 1 .  Multiple  Regression  with  a  Polychotomous  Criterion. 

D.  B.  Duncan  and  R.  E.  Schneider;  Virginia  Polytechnic 
Institute. 

We  consider  the  problem  of  fitting  a  multiple  regression  equation 
to  data  in  which  the  criterion  consists  of  an  ordered  set  of  grades.  For 
example,  the  responses  of  insects  to  various  doses  of  an  insecticide 
applied  with  varying  times  of  exposures  and  temperatures  may  be 
classified  as  dead;  moribund;  affected,  but  recovered;  and  unaffected. 
A  model  is  developed  which  transforms  the  probabilities,  Pu,  that  an 
observation  will  occur  within  the  first  t  grades  into  probits  Yti.  The  model 
then  relates  the  probits  to  the  independent  regression  variables  by  the 
linear  function 

Yti  —  bo  t  -f-  bxXli  -)-...  -f"  brXri 

in  which  only  the  intercept  varies  with  respect  to  t.  An  appropriate 
method  of  analysis  is  developed  and  illustrated  with  an  example. 
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12.  Prediction  of  Extreme  Values. 

Julius  Lieblein;  National  Bureau  of  Standards. 

This  paper  presents  an  approach  to  estimation  of  the  parameters 


of  the  extreme-value  distribution  F(x)  =  Prob 
-  (x-u)  //3) 

=  exp  (e  by  means  of  linear  function  of  order  statistics, 

n 

T  =  s  WiXi,  where  Xi<x2<  .  .  .  <xn  are  the  order  statistics  in  a  random 
i=l  —  —  — 

sample  of  size  n  from  F(x).  Two  desirable  properties  of  such  estimators 
are  unbiasedness  and  minimum  variance  (from  among  such  estimators). 
These  two  properties  uniquely  determine  the  n  weights  wi  from  the 
means,  variance  and  covariances  of  the  Xi.  The  means  have  previously 
been  tabulated.  Explicit  formulas  which  have  been  found  permit  simple 
numerical  computation  of  the  variances  and  covariances  from  tabulated 
functions  alone.  Estimators  based  on  these  are  constructed  for  sample 
of  n<6,  larger  samples  being  handled  by  breaking  up  into  subgroups 
of  5  or  less.  This  method  is  found  to  have  the  following  advantages 
over  existing  methods  based  on  mean  and  standard  deviation  of  an  entire 
sample:  (1)  the  estimators  are  unbiased;  (2)  in  many  cases  the  esti¬ 
mators  have  greater  efficiency;  (3)  breaking  sample  into  subgroups 
allows  possibility  of  checking  whether  data  are  random  and  come  from 
assumed  type  of  distribution.  (This  work  was  sponsored  by  the  National 
Advisory  Committee  for  Aeronautics.) 

13.  The  Moving  Range  between  Groups  as  a  Control  Chart  Statistic. 

M.  E.  Terry;  Virginia  Polytechnic  Institute. 

When  the  Shewhart  model  is  not  valid  because  it  is  known  that 

batch  to  batch  variation  exists,  the  usual  limits  placed  on  x  are  too  tight. 
Correct  limits  can  be  found  using  the  successive  differences  of  sample 

means  as  ranges  of  two.  In  addition  to  plotting  x  and  R,  it  is  suggested 
that  the  successive  difference  be  plotted  also,  as  a  measure  of  the 
batch  to  batch  variation. 

An  example  of  the  utility  of  the  method  was  furnished  by  Eastman 
Kodak  Company. 

14.  Balanced  Incomplete  Design  Used  As  a  Means  of  Determining 
the  Acceptability  of  Seven  Types  of  Clothing  Fabrics. 

Elie  Weeks;  The  Quartermaster  Board,  Fort  Lee. 

The  continuing  wool  shortage  has  intensified  the  search  for  suitable 
substitutes  for  use  in  making  uniforms.  The  Research  and  Development 
Division,  Office  of  The  Quartermaster  General,  directed  the  Quarter¬ 
master  Board  to  conduct  an  acceptability  test  of  seven  fabrics  made  up 
into  officers’  summer  uniforms.  The  fabrics  ranged  from  100  per  cent 


X  <  x 
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wool  through  part  wool  and  part  synthetic  to  100  per  cent  synthetic.  A 
balanced  incomplete  block  design  of  test  was  used  in  testing  the  fabrics. 
This  study  was  conducted  at  two  test  sites:  Fort  Bliss  at  El  Paso,  Texas 
(Hot  Dry);  and  Fort  Lee,  Virginia  (Warm  Humid).  The  112  test  sub¬ 
jects  at  each  site  were  issued  two  uniforms  to  be  worn  alternately  for 
two  day  periods.  The  normal  wear  period  lasted  approximately  ninety 
days.  Data  were  generated  through  the  use  of  questionnaires  and  by 
examination  of  the  tested  uniforms.  Analysis  of  the  data  included  use  of 
a  method  of  rank  analysis  of  variance  developed  by  Dr.  D.  B.  Duncan, 
member  of  the  staff  of  the  Statistical  Laboratory  at  Virginia  Polytechnic 
Institute. 

15.  The  Use  of  a  Constant  Approximate  Inverse  Matrix  in  Weighted 

Least  Squares  Iterations. 

David  B.  Duncan;  Virginia  Polytechnic  Institute. 

Weighted  least  squares  solutions  can  be  accomplished  by  adding 
the  product  CG  to  an  initial  approximate  solution,  C  being  the  inverse  of 
the  matrix  of  weighted  sums  of  products  and  G  the  vector  comprising 
the  weighted  sums  of  products  of  the  regression  variates  with  the  errors 
of  estimate  given  by  the  approximate  solution. 

If  C  is  replaced  by  an  approximation  C”  the  correct  solution  may  °be 
obtained  by  iterations  using  the  solutions  of  each  step  to  provide  the 
initial  solution  for  the  next.  The  closer  the  approximation  C”,  the  fewer 
will  be  the  iterations  required. 

In  certain  maximum  likelihood  estimates  problems,  for  example, 
in  probit  analysis,  an  iterative  solution  is  used  in  any  case  because  the 
weights  and  hence  C  changes  for  each  solution.  Much  time  is  spent  in 
recomputing  C  at  each  step,  whereas  from  the  above  observation  it  is 
clear  that  a  constant  approximation  C”  may  be  used  for  all  steps.  The 
result  is  a  large  decrease  in  the  work  for  each  step,  an  increase  in  the 
number  of  steps  required,  and  an  overall  decrease  in  total  effort. 

Also  advantages  may  accrue  in  a  wide  range  of  problems  on  re¬ 
placing  C  by  an  approximation  of  simpler  form. 

16.  New  Designs  and  Techniques  for  Organoleptic  Testing — The  Rank 

Analysis  of  Incomplete  Block  Designs — I. 

R.  A.  Bradley  and  M.  E.  Terry;  Virginia  Polytechnic 
Institute.  & 

A  summary  of  the  work  on  the  rank  analysis  of  incomplete  blocks 
is  presented.  Particular  reference  is  made  to  applications  in  the  field 
of  sensory  difference  testing  and  consideration  of  basic  threshold  taste 
sensations.  This  report  combines  the  material  of  two  papers  to  be  pub¬ 
lished  soon.  One  will  appear  in  Food  Technology,  July  1952,  and  the  other 
in  Biometrika,  December,  1952. 
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